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PREFACE 

This  manual  has  been  written  to  supply  the  need  which  has  been  felt 
in  this  country  for  a  long  time  of  a  book  containing  descriptions  of  the 
common  invertebrate  animals,  by  means  of  which  their  names  and  affinities 
can  be  determined.  Excellent  general  manuals  with  analytical  keys  for 
the  identification  of  the  common  insects  already  exist,  but  a  person  wishing 
to  identify  animals  belonging  to  most  of  the  other  invertebrate  groups 
must  usually  have  recourse  to  technical  papers  and  treatises  which  are 
for  the  most  part  inaccessible  except  to  specialists.  The  book  is  intended 
more  particularly  for  use  in  the  eastern  and  central  portions  of  the  United 
States  and  Canada,  and  the  endeavor  has  been  made  to  include  in  it  most 
of  the  common  invertebrates  except  insects  occurring  in  this  region.  In 
addition  to  these^  representative  species  occurring  in  the  western  states  and 
on  the  Pacific  slope  are  included,  as  are  also  other  species  to  which  some 
special  interest  attaches  and  which  are  found  in  other  parts  of  the  world. 
Animals  which  inhabit  the  deep  sea  have  not  been  included  except  in  special 
eases  where  they  are  representative  of  their  particular  groups. 

The  general  plan  of  the  book  is  similair  to  that  of  Leunis'  Zoologie, 
a  standard  German  work  which  has  for  two  generations  supplied  the  need 
of  a  general  synopsis  of  animals  in  Europe,  and  has  been  extensively 
used  elsewhere  throughout  the  world.  As  in  that  work,  the  analytical 
tables  and  descriptions  of  species  of  each  of  the  larger  groups  of  animals 
are  preceded  by  a  morphological  description  of  the  group  together  with 
some  account  of  the  habits  and  distribution  of  the  animals.  In  these 
descriptions  all  the  technical  terms  appearing  in  the  tables  are  explained. 
References  to  the  principal  authorities  upon  which  the  descriptions  are 
based  are  given  in  footnotes,  as  are  also  references  to  important  treatises 
and  monographs  which  have  appeared  on  the  animals  described. 

A  knowledge  of  the  historical  basis  of  zoological  names  adds  greatly 
to  their  significance  and  the  author  has  consequently  given  a  history 
of  the  nomenclature  of  each  of  the  larger  subdivisions  of  the  animal 
kingdom  in  connection  with  the  morphological  description  of  it.  A  history 
of  the  general  development  of  the  system  of  classification  since  the  pub- 
lication of  the  tenth  edition  of  linnieus'  Sy sterna  Naturae  land  a  brief 
survey  of  the  progress  of  zoological  studies  in  America  are  added  in  the 
Introdnetioa. 
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An  important  object  aimed  at  in  these  historical  notes  is  to  give  the 
student  of  American  animals  a  background  for  his  knowledge  of  zoological 
names.  In  order  to  attain  this  object  still  more  fully,  brief  biographical 
notices  of  the  authors  of  these  names,  in  so  far  as  they  appear  in  this  work, 
have  been  introduced  at  the  end  of  the  book. 

In  the  choice  of  the  scientific  names  of  the  animals  described  the  author 
has  endeavored  to  follow  the  best  usage.  He  has  usually  conformed  to 
the  laws  of  priority  established  by  the  International  Commission  of  Nomen- 
clature, and  has  adopted  the  rulings  of  the  Commission  where  such  have 
been  made.  In  a  few  cases,  however,  these  laws  have  been  disregarded,  as, 
for  instance,  in  the  case  of  Amceha,  Holothuria,  and  Physalia,  and  for  the 
reason  that  it  seems  probable  that  in  such  cases  the  scientific  names  of  the 
animals  which  are  now  in  common  use  will  by  common  consent  be  retained. 
The  author  has  no  desire  to  be  an  innovator  in  this  book  in  the  use  of 
zoological  names,  but  wishes  only  to  use  those  which  will  probably  in  the 
future  be  the  names  of  the  animals  described. 

The  name  of  the  author  of  each  species  and  genus  follows  the  first 
mention  of  it  in  the  descriptions,  as  is  customary,  and  in  those  cases  in 
which  the  author  originally  placed  his  species  in  some  other  genus  than 
the  one  here  employed,  his  name  is  in  parentheses.  Wherever  an  author's 
name  appears  more  than  once  in  the  same  genus  it  is  usually  abbreviated 
after  the  first  occurrence.  No  other  abbreviations  occur  in  the  text  except 
in  the  case  of  linnffius.  In  all  cases  where  his  name  appears  as  the  author 
of  a  generic  or  specific  name  it  is  abbreviated  to  *'L." 

The  illustrations  which  have  been  introduced  have  been  copied  mostly 
from  textbooks,  special  treatises,  and  monographs,  for  the  use  of  which 
hearty  thanks  are  here  extended  to  their  authors,  whose  names  appear  in 
parentheses  after  the  titles  of  the  figures.  Thanks  are  also  due  to  the 
following  publishers  for  permission  to  make  these  copies:  Doubleday, 
Page  &  Company,  Gustav  Fischer,  Ginn  &  Company,  Henry  Holt  &  Com- 
pany, The  Macmillan  Company,  and  The  Whitaker  &  Ray-Wiggin  Company. 

In  compiling  this  book  the  author  has  utilized  every  source  of  informa- 
tion within  his  reach  and  is  consequently  under  obligations  to  very  many 
people  and  their  published  works.  His  personal  obligation  to  all  those 
friends  who  have  given  valuable  advice  and  assistance,  often  at  the  expendi- 
ture of  much  time  and  labor,  is  very  great  indeed.  The  following  are  those 
to  whom  he  feels  a  special  indebtedness:  Mr.  Nathan  Banks,  Dr.  H.  L. 
Clark,  Prof.  W.  R.  Coe,  Dr.  C.  B.  Davenport,  Prof.  J.  H.  Gerould,  Prof. 
L.  von  Graff,  Prof.  C.  W.  Hargitt,  Prof.  G.  T.  Hargitt,  Prof.  J.  S.  Kingsley, 
Prof.  R.  von  Lendenfeld  (deceased),  Prof.  A.  Looss,  Dr.  M.  M.  Metcalf, 
Prof.  E.  L.  Mark,  Prof.  S.  0.  Mast,  Prof.  J.  P.  Moore,  Dr.  T.  Odhner, 
Dr.  A.  E.  Ortmann,  Prof.  R.  C.  Osbum,  Dr.  H.  A.  Pilsbry,  Prof.  A.  A. 
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Schaeffer,  Mr.  E.  L.  Shaffer,  Dr.  C.  W.  Stiles,  Dr.  F.  B.  Sumner,  Prof. 
A.  L.  Treadwell,  Dr.  T.  W.  Vaughan,  Prof.  D.  D.  Whitney,  Prof.  H.  H. 
Wilder,  Prof.  S.  R.  Williams,  Prof.  H.  V.  Wilson,  and  Prof.  R.  H.  Wolcott. 
The  author  wishes  to  thank  Prof.  J.  P.  Givler  of  Southwestern  College 
for  assistance  in  revising  the  proof  sheets,  he  having  read  a  large  part  of 
the  text  and  made  many  corrections  and  useful  suggestions.  He  also  wishes 
to  acknowledge  his  indebtedness  to  Prof.  Ludwig  von  Graff  of  the  University 
of  Graz,  Austria,  who  extended  to  him  the  use  of  his  laboratories  and 
extensive  library  during  a  residence  of  two  semesters  in  that  city,  and  whose 
unfailing  courtesy  and  kindness  will  ever  be  gratefully  remembered.  His 
greatest  obligation,  however,  in  preparing  this  work  is  to  Dr.  Charles  B. 
Davenport  of  Cold  Spring  Harbor,  Long  Island,  at  whose  suggestion  it 
was  undertaken  in  the  first  place,  and  without  whose  constant  cooperation 
from  year  to  year  during  its  progress  it  would  not  have  been  completed. 

H.  S.  P. 
Haverford,  Penn. 
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OF  THE 

COMMON  INVERTEBRATE  ANIMALS 

EXCLUSIVE  OF  INSECTS 
INTRODUCTION 

L  The  lAnnaan  system  of  classifying  animals, — The  foundation  of 
the  modem  system  of  classifying  animals  was  laid  by  Carolus  Linnnus 
in  the  tenth  edition  of  his  Systema  Naturae,  published  in  1758.  In  this 
epoch-making  work  he  first  applied  his  fully  developed  binomial  method 
of  classification  to  the  animal  kingdom  and  arranged  all  the  animals 
then  known  to  science  according  to  its  rules  into  classes,  orders,  genera, 
and  species. 

The  essential  feature  of  this  ^stem  and  that  which  was  new  at  the 
time  was  the  giving  of  two  names  to  each  species  of  animals,  instead  of 
one,  or  several,  one  of  which  was  the  specific  name  and  the  other  the 
name  of  the  next  higher  subdivision  in  the  classification,  the  genus.  The 
other  important  features  were  the  precisions  of  the  terminology  employed, 
which  enables  the  author  to  characterize  a  species  in  &  few  words,  and 
the  natural  arrangement  of  the  classification  in  which  the  position  of 
each  species  indicates  the  degree  of  its  genetic  relationship  to  all  the 
others. 

It  is  true  that  predecessors  of  Linnaras  had  anticipated  many  features 
of  his  S3rstem.  The  idea  of  a  species  was  already  well  fixed  before  his 
time,  and  efforts  were  made  to  characterize  those  then  known  and  the  new 
ones  which  were  constantly  being  discovered.  But  the  names  given  were 
often  complex  and  cumbersome  and  no  uniformity  existed  between  the 
systems  of  terminology  of  different  authors.  Also  the  custom  of  giving 
two  or  more  Latin  names  to  a  species  was  frequently  in  vogue,  but  a 
binomial  ssrstem,  with  the  definite  relation  of  the  specific  to  the  generic 
name,  was  new.  The  genus,  which  gives  the  clue  to  the  natural  affinities  of 
the  animal,  was  peculiarly  Linnieus'  invention. 

Attempts  had  also  been  made  by  Ray  and  Ellein  and  other  advanced 
thinkers  to  form  a  system  which  should  express  the  natural  relationships 
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of  animals,  but  such  attempts  were  not  generally  understood  or  followed, 
and  most  authors  still  employed  unnatural  methods  of  arranging  them. 
Many  still  followed  Pliny  and  grouped  animals  according  to  their  environ- 
mental conditions,  placing  those  together  having  similar  methods  of  life, 
as  land  animals,  fresh-water  animals,  marine  animals,  flying  animals, 
etc.  Within  each  group  the  species  were  often  arranged  in  alphabetical 
order. 

Linnaeus'  system  was  very  quickly  accepted  by  the  scientific  world 
and  went  into  universal  use,  and  modem  zoology  may,  in  a  very  real  sense, 
be  said  to  begin  with  the  year  1758. 

So  radical,  however,  was  Linnaeus'  reform  that  neither  the  superiority 
of  his  system  nor  the  simplicity  of  his  terminology  would  probably  have 
been  sufScient  thus  to  procure  its  instant  adoption  if  they  had  not  been 
proposed  by  a  man  of  his  great  fame  and  commanding  position  in  the 
world.  Linnaeus  was  considered  by  his  contemporaries,  because  of  his 
numerous  and  important  contributions  to  science  and  his  eminence  as  a 
teacher  in  the  University  of  Upsala,  as  the  greatest  naturalist  of  all  time. 
His  importance  was  indicated  by  the  phrase  in  vogue:  Deus  creavit; 
lAnfkBtM  diapoauit. 

The  immediate  acceptance  of  the  Linnaean  classification  had  the  same 
effect  upon  the  study  of  animals  and  plants  in  his  day  as  that  of  Darwin's 
theoiy  of  natural  selection  had  almost  exactly  one  hundred  years  later. 
It  gave  a  tremendous  impetus  to  every  branch  of  biological  investigation 
and  started  a  new  era.  Systematic  zoology,  morphology,  physiology,  and 
experimental  zoology  all  attracted  able  investigators,  who  studied  them 
with  feverish  activity.  Comparative  studies  first  became  possible  as  now 
the  facts  of  the  science  were  for  the  first  time  arranged  in  something  like 
an  orderly  and  natural  manner,  and  the  next  generation  saw  the  rise  of  the 
sciences  of  comparative  anatomy,  paleontology,  and  comparative  embry- 
ology, and  also  the  first  modem  speculations  on  the  blood  relationships  and 
the  evolution  of  living  things. 

All  these  things  gave  a  new  importance  to  zoology  and  raised  it  from 
the  position  it  had  occupied  of  a  mere  annex  to  medicine  to  the  dignity  of 
an  independent  science. 

Linnaeus  divided  the  animal  kingdom  into  six  classes:  MammaUa, 
Avea,  Amphibia,  Pisces,  Insecta,  and  Vermes.  The  knowledge  of  this  last 
class,  which  included  all  invertebrate  animals  except  the  arthropods,  was 
in  a  very  confused  state  and  one  of  the  chief  objects  of  the  many  able 
zoologists  of  the  generation  immediately  following  him  was  to  remedy  this 
condition.  The  men  whose  services  were  greatest  in  this  direction  were 
0.  F.  Miiller,  Lamarck,  and  Cuvier.  In  1794  Lamarck  first  distinguished 
the  vertebrates  from  the  invertebrates  and  divided  the  Linnaean  class 
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Vermes  into  the  five  classes  of  Mollusca,  Insecta,  Vermes,  Echinodermata, 
and  Polypi.  Thus  a  long  step  was  taken  towards  modernizing  the  system, 
and  this  early  effort  of  Lamarck  may  be  said  to  be  the  first  modem  classi- 
fication of  animals.  He,  in  his  later  works,  further  subdivided  the  inver- 
tebrate types  until  he  had  ten,  the  fundamental  idea  at  the  basis  of  his 
classification  being  that  the  various  groups  of  animals  constitute  a  single 
ascending  series  which  begins  with  the  lowest  and  ends  with  the  highest. 
This  principle  of  the  unity  of  the  type  found  a  wide  acceptance  among  the 
naturalists  of  that  time  and  was  based  upon  the  law:  Natura  non  facit 
sdUum. 

In  1812  Cuvier  published  his  subdivision  of  the  animal  kingdom  into 
four  branches  or  types  and  in  1817  his  great  work  Le  Bigne  Animal,  which 
established  the  second  great  reform  of  the  system,  and  was  destined  to 
exert  an  influence  only  second  to  that  of  LinnaBus'  Systema  Naturae 
upon  the  study  of  animals  and  the  development  of  the  system.  In  these 
works  Cuvier  controverted  the  principle  of  the  unity  of  type  among  ani- 
mals and  taught  that,  instead  of  one,  four  distinct  and  permanent  types 
prevail.  It  was  upon  these  four  types  that  he  based  his  four  fundamental 
branches  of  the  animal  kingdom:  Vertebrata,  Articulata,  Mollusca  and 
Zoopkyta  or  Radiata. 

A  comparison  of  this  classification  vnth  that  of  Linnaeus  will  show 
what  a  tremendous  advance  had  been  made  in  the  development  of  the  sys- 
tem in  the  half-centuiy  separating  them.  The  group  of  animals  which 
had  benefited  most  in  this  general  advance  was  probably  the  Mollusca, 
which  was  Cuvier's  special  field  of  research.  The  lowest  group  in  Cuvier's 
system,  as  in  that  of  Linnaeus,  was  the  one  about  which  the  least  was 
known,  the  Zoophyta  or  Radiata,  being  made  up  of  several  distinct  and 
heterogeneous  groups  of  animals  which  bore  no  near  relationships  to  one 
another. 

This  condition  led  to  an  active  investigation  during  the  generation 
immediately  following  of  all  the  lower  animals,  and  a  very  large  number 
of  works  of  fundamental  importance  appeared.  Rudolphi  studied  the 
parasitic  worms,  Tiedemann  and  L.  Agassiz  the  anatomy  and  Johannes 
Mailer  the  development  of  echinoderms,  Ehrenberg  the  microscopic  ani- 
mals, Efichscholtz,  Sars,  and  others  jellyfish  and  polyps.  The  knowledge 
of  these  two  latter  groups  was  also  very  much  extended  as  the  result  of 
various  scientific  expeditions  which  were  sent  out  by  the  French,  English, 
Russian,  and  American  governments  to  different  parts  of  the  world,  espe- 
cially to  the  tropical  oceans.  Of  these  voyages  perhaps  the  most  inter- 
esting were  that  of  the  Russian  ship  Rurik  from  1815  to  1818  in  which 
ChamissQ  and  Eschscholtz  went  as  naturalists  and  discovered  the  alterna- 
tion of  generations  of  Salpa,  that  of  the  English  ship  Beagle  between  1831 
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and  1835  with  Darwin  as  naturalist,  and  the  American  expedition  under 
Captain  Wilkes  between  1838  and  1842  with  James  Dwight  Dana  as  the 
principal  naturalist 

The  influence  of  all  these  investigations,  and  also  that  of  the  newly 
established  cellular  theoiy  of  the  structure  of  plants  and  animals,  on  the 
development  of  the  zoological  system,  led  to  the  third  great  reform  of  the 
latter.  In  1845  von  Siebold  subdivided  Cuvier's  fourth  type,  the  Zoophyta 
or  BadiatOy  into  three  types  or  phyla,  the  Protoeoa,  Zoophyta,  and  Vermes, 
confining  thus  the  term  Zoophyta  to  the  truly  radiate  animals.  He  also 
broke  up  Cuvier's  second  type  Articulata,  removing  the  AnneUda  to  the 
new  phylum  Vermes  and  creating  another  new  phylum  for  the  CnMtacea, 
Araehnida,  Myriapoda,  and  Insecta  which  he  called  the  Arthropoda,  Two 
years  later  B.  Leuckart  broke  up  the  phylum  Zoophyta,  subdividing  it 
into  the  phyla  Echinodermata  and  Ccslenterata,  and  emphasized  the  iso- 
lated position  of  the  Protoaoa,  Milne-Edwards  also  formed  still  another 
new  type  or  phylum,  the  Molluscoidea,  in  which  he  included  the  Bryozoa 
and  Tunicata,  The  animal  kingdom  was  thus  in  1850  subdivided  into 
eight  phyla,  the  Protozoa,  Coslenterata,  Echinodermata,  Vermes,  Arthro- 
poda,  Molluscoidea,  MoUusca,  and  Vertehrata,  an  arrangement  which  is 
still  found  in  many  textbooks. 

Darwin's  Origin  of  Species  was  published  in  1859  and  the  fourth 
and  last  important  reform  of  the  zoological  fiystem  of  classification  was  the 
direct  consequence  of  the  doctrines  therein  promulgated.  The  theoiy  of 
the  common  descent  and  blood  relationship  of  all  ftwiinRlfl  which  Darwin 
taught  was  at  variance  with  Cuvier's  theoiy  of  fixed  types  and  in  harmony 
with  Lamarck's  theory  of  the  essential  unity  of  the  animal  kingdom,  )and 
was  first  employed  by  Haeckel  as  the  basis  of  a  system  of  classification. 
In  1877  he  called  attention  to  the  need  of  placing  the  entire  system  on  an 
evolutionary  basis  and  at  the  same  time  subdivided  the  animal  kingdom 
into  the  two  great  groups  of  the  Protozoa  and  the  Metazoa,  and  the 
latter  into  the  two  great  groups  of  the  Ccslenterata  and  the  Calomata.  In 
still  more  recent  times  other  authors,  notably  Hatschek,  following  Haeckel's 
lead,  have  carried  the  subdivision  still  further  on  the  same  basis.  The  old 
idea  of  types,  however,  has  a  veiy  tenacious  life  and  is  still  the  basis  of 
the  classification  of  animals  in  most  textbooks— and  probably  rightly  so. 
For  animals  can,  as  a  matter  of  fact,  notwithstanding  their  ultimate 
relationships  with  one  another,  be  grouped  in  a  nund>er  of  distinct  types 
or  phyla,  each  of  which  has  a  characteristic  plan  of  structure.  Cuvier's 
belief,  however,  that  these  types  are  fixed  and  isolated  creations  has  long 
since  been  abandoned. 

Very  important  has  been  the  formation  in  recent  times  of  the  phylum, 
Chordoma  or  Chordata,  which  brings  under  the  same  subdivision  all  the 
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MiimalB  poflsessmg  the  essential  characteristics  of  the  vertebrate  type. 
The  formation  of  this  phylum  has  been  due  to  the  fundamental  researches 
of  Kowalevsky,  who  in  1866,  1867,  and  1871  gave  the  first  detailed  and 
aeenrate  descriptions  of  the  anatomy  of  Balanoglosaua  and  also  the  first 
detailed  account  of  the  embryology  of  ascidians  and  of  Amphioxua,  show- 
ing that  these  animals  are  related  to  one  another  and  to  vertebrates.  The 
term  Chordoma  was  introduced  in  1874  by  Haeckel  to  include  the  Tuni- 
eaUij  Amphioxus,  and  the  Vertehrata,  and  the  terms  Urochorda  and 
CephaHockorda  by  Lankester  in  1878  for  the  Tunicata  and  Amphioxua. 
In  1884  Bateson,  on  the  basis  of  his  researches  on  the  American  form 
Balanoglo88U8  auraniiacua,  added  the  Enteropneuata  to  the  Chordata  and 
proposed  the  term  Hemichorda. 

The  system  of  zoological  classification  was  thus  fixed  some  twenty  or 
thirty  years  ago  and  has  undergone  no  important  changes  in  its  larger 
features  since.  This  is  not  true,  however,  of  many  of  the  subordinate  and 
smaller  of  its  groups,  the  arrangement  of  which  changes  from  time  to 
time  as  the  knowledge  of  the  relationships  of  the  animals  composing  them 
increases.  We  find  this  to  be  especially  true  of  certain  low  animals 
whidi  seem  to  be  isolated  side  branches  of  the  ancestral  tree,  the  origin 
of  which  from  the  main  stem  is  still  obscure. 

2.  The  atudy  of  ammala  in  America.*— The  earliest  notices  of  Amer- 
ican animals  are  to  be  found  in  the  numerous  descriptions  of  the  country 
and  books  of  travel  in  America  which  were  published  in  Europe  during 
the  sixteenth,  seventeenth,  and  eighteenth  centuries.  In  Linnnus'  twelfth 
edition  over  500  species  of  North  American  animals  were  described,  of 
which  78  were  mammals  and  260  were  birds.  Of  the  authors  quoted 
in  these  descriptions  perhaps  the  most  important  were  Mark  Catesby  and 
Peter  Kalm.  The  former  was  an  Englishman  who  lived  in  the  southern 
English  colonies  of  America  for  about  ten  years  between  1712  and  1726 
and  published  a  large  illustrated  work  on  the  natural  history  of  the 
r^on.  The  latter  was  one  of  Limueus'  pupils  who  spent  the  years 
between  1747  and  1751  in  Canada  and  the  central  English  colonies  col- 
lecting and  studying  the  native  animals  and  plants  for  him.  IdnnsBus 
also  obtained  much  information  by  correspondence  with  American  nat- 
uralists, especially  Dr.  Alexander  Garden  of  Charleston,  Dr.  John  Mitchell 
of  Virginia,  and  John  Bertram  of  Philadelphia.  Thus  in  1766  probably 
most  of  the  larger  and  more  conspicuous  animals  of  the  eastern  part  of 
the  country  were  known  to  science,  as  well  as  many  insects  and  other 
smaller  ones. 

•  See  "A  Century's  Progress  In  American  Zoology,"  by  A.  S.  Packard,  Jr.,  Am. 
Nat  Vot  10,  p.  591,  1876.  "The  Beginnings  of  American  Science,"  by  G.  B.  Goode, 
Ann.  Rep.  Smiths.  Inst,  for  1897,  Pt.  2,  p.  409. 
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Important  among  the  native  authors  of  the  period  immediately  follow- 
ing the  Revolution  were  Thomas  Jefferson,  who  has  the  distinction  of 
being  the  only  American  President  besides  Theodore  Roosevelt  who  has 
been  interested  in  scientific  pursuits,  Benjamin  Smith  Barton,  and  William 
Bartram,  the  son  of  John,  both  of  Philadelphia. 

One  of  the  first  general  works  of  importance  on  American  animals 
was  Wilson's  Ornithology  (1808-1814).  Other  similar  works  belonging  to 
nearly  the  same  period  were  Bonaparte's  continuation  of  Wilson's 
Ornithology  (1825-1833),  Dr.  Richard  Harlan's  Fauna  Americana  (1825), 
Dr.  John  D.  Godman's  American  Natural  History  (1826-1828),  which  was 
specially  devoted  to  Mammals,  and  Audubon's  Birds  of  North  America 
(1828). 

During  the  second  and  third  decades  of  the  century  occurred  a 
remarkable  scientific  awakening  in  the  country,  an  evidence  of  which  was 
the  publication  of  so  many  works  of  general  interest  during  this  time 
and  also  the  foundation  of  a  large  number  of  scientific  societies  and 
periodicals.  At  the  beginning  of  the  century  there  were  three  promi- 
nent scientific  societies  in  the  country,  the  American  Philosophical  Society, 
which  was  founded  in  Philadelphia  in  1743  by  Benjamin  Franklin,  the 
American  Academy  of  Arts  and  Sciences,  founded  in  Boston  in  1780  by 
John  Adams,  and  the  Connecticut  Academy  of  Arts  and  Sciences,  which 
was  founded  in  New  Haven  in  1799.  During  the  first  quarter  of  the 
century  many  others  were  founded  in  various  parts  of  the  country, 
and  in  1826  no  fewer  than  twenty-five  scientific  societies  were  in  exist- 
ence, more  than  half  of  which  were  interested  principally  in  natural 
history. 

In  1812  the  Philadelphia  Academy  of  Natural  Sciences  was  founded, 
and  exercised  an  important  influence  from  the  start.  The  first  volume  of 
its  journal  appeared  in  1817.  Its  importance  in  the  first  years  of  its 
existence  was  due  largely  to  the  labors  of  a  single  one  of  its  members, 
Thomas  Say.  This  talented  young  man  joined  the  Academy  shortly  after 
its  foundation  and  for  twelve  years,  under  its  auspices,  devoted  himself 
exclusively  to  the  study  of  the  native  animals,  the  papers  he  contributed 
to  its  journal  and  to  other  periodicals  during  this  period  being  funda- 
mental for  the  study  of  American  moUusks,  insects,  and  crustaceans. 
Another  brilliant  member  of  the  Academy  during  this  period  was  Charles 
Alexander  Lesueur,  a  Frenchman  who  joined  it  in  1817  and,  during  the 
seven  years  that  he  was  a  resident  of  Philadelphia,  published  many  papers 
in  its  journal  on  fishes,  reptiles,  and  marine  invertebrates. 

Belonging  to  the  same  period  was  another  remarkable  man,  Constan- 
tine  Rafinesque.  This  brilliant  and  versatile  man  came  to  this  country 
in  1802  and  lived  for  many  years  in  Philadelphia  and  in  Lexington, 
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Koitacky.  He  was  a  pioneer  botanist  and  zoologist  and  is  now  remem- 
bered by  the  large  number  of  new  species  of  mollusks  and  of  fishes,  as 
well  as  of  plants,  which  he  described.  He  is  also  remarkable  as  being  the 
first  American  who  clearly  enunciated  the  principle  of  the  transformation 
of  species. 

Philadelphia  was  during  this  period  the  most  important  scientific 
center  of  the  country,  but  it  was  not  the  only  one.  The  interest  in  natural 
history  was  widespread  and  eveiy  city  had  its  public  museum  of  natural 
curiosities  and  its  scientific  society.  The  Philadelphia  Museum,  which  was 
established  by  Charles  Wilson  Peale,  and  the  Baltimore  Museum  estab- 
li^ed  by  Rembrandt  Peale  were  especially  famous.  In  the  South  the 
eminent  Georgian  Dr.  Lewis  Le  Conte,  father  of  Professor  Joseph  Le 
Conte,  and  Stephen  Elliott  of  Charleston  were  prominent  as  naturalists, 
and  in  the  west  Dr.  Robert  Best  had  founded  the  Western  Museum  in 
Cincinnati  and  given  the  initial  impulse  to  those  scientific  activities  which 
have  ever  since  distinguished  that  city. 

In  New  England  the  principal  scientific  interest  was  in  geology  and 
mineralogy.  The  most  influential  scientist  was  Benjamin  Silliman  of 
New  Haven,  a  geologist  and  a  ch^nist.  In  1818  he  founded  the  American 
Journal  of  Science  and  Art  which  at  once  became  and  has  since  remained 
one  of  the  most  influential  in  the  country. 

The  fourth  and  most  of  the  fifth  decades  were  not  a  period  of  marked 
activity  in  the  study  of  American  animals.  The  remarkable  development 
of  the  zoological  and  physiological  sciences  in  Europe  under  the  leader- 
ship of  von  Baer,  Johannes  Miiller,  Owen,  Milne-Edwards  and  others 
apparently  awakened  little  interest  on  this  side  of  the  Atlantic  and  the 
most  important  investigators  were  chiefiy  occupied  with  descriptions  of 
filiells  and  insecta  In  1838,  however,  occurred  an  event  important  to 
the  development  of  American  science,  for  in  that  year  the  United  States 
Exploring  Expedition  under  Captain  Wilkes  started  on  its  four  years' 
voyage,  taking  as  one  of  its  naturalists  James  Dwight  Dana. 

It  was  in  1846  that  light  at  length  began  to  appear  in  the  general 
darkness  and  the  way  to  be  prepared  for  the  important  advances  of  later 
years  in  the  field  of  natural  science,  for  in  this  year  the  Smithsonian 
Institution,  which  was  to  become  the  center  of  most  important  scientific 
activities,  was  founded  under  the  secretaryship  of  Joseph  Henry,  and  in 
this  year  also  Louis  Agassiz  came  to  America. 

The  modem  study  of  animals  in  America  may  be  said  to  begin  with 
the  arrival  of  Agassiz  on  our  shores.  His  great  reputation  and  attractive 
and  inspiring  personality  brought  him  at  once  into  prominence  and  drew 
to  him  a  large  number  of  brilliant  young  men  who  wished  to  study  animals 
under  his  leadership,  and  Cambridge  and  Boston  soon  became  the  most 
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important  center  of  zoological  investigation  in  the  country.  Agaasiz  ele- 
vated  these  studies  to  a  much  higher  plane  than  they  had  occupied  by 
placing  them  in  close  touch  with  European  scholarship  and  also  by  broad- 
ening  and  extending  them  by  the  introduction  of  comparative  embryology 
and  physiology.  He  also  founded  and  built  up  the  first  great  zoological 
museum  in  the  country. 

The  Cambridge  school  did  not,  however,  contain  all  the  zoologists  in 
the  country.  In  1846  James  Dwight  Dana,  who  had  become  a  Professor 
in  Tale  and  is  now  remembered  rather  as  a  geologist  and  a  mineralogist, 
published  his  Beport  on  the  Zoophytes,  and  in  1852  his  Bepori  on  the 
Cruetacea  of  the  Wilkes  Expedition,  both  epoch-making  zoological  works 
and  the  most  extensive  works  of  a  monographic  nature  which  up  to  that 
time  had  been  published  by  an  American.  In  1854  appeared  the  remainder 
of  his  report  on  the  zoology  of  this  Expedition.  Joseph  Leidy  also,  in 
Philadelphia,  was  beginning  his  brilliant  studies  of  parasitic  worms  and 
other  small  animals. 

The  study  of  shells  was  followed  assiduously  in  this  country  during 
this  period.  Dr.  A.  A.  Gould  of  Boston,  who  published  the  Beport  of 
the  Mollusks  of  the  Wilkes  Expedition  and  also  the  Invertebrata  of 
Massachusetts,  Isaac  Lea  of  Philadelphia  and  A.  and  W.  G.  Binney  being 
among  the  most  important  of  the  many  authors.  The  study  of  insects 
was  likewise  making  important  advances  and  T.  W.  Harris  produced  his 
Forest  Insects,  one  of  the  earliest  works  on  economic  entomology. 

The  most  important  zoological  work  of  the  sixth,  seventh,  and  eighth 
decades  of  the  century  was  undoubtedly  the  study  of  the  marine  animals 
of  our  coast  by  Louis  Agassiz  and  his  pupils  and  followers,  of  whom 
James  McCrady,  William  Stimpson,  Theodore  Lyman,  Alexander  Agassiz, 
Alpheus  Hyatt,  H.  J.  Clark,  and  A.  E.  Verrill  are  particularly  to  be 
mentioned.  During  the  same  period  J.  L.  Le  Conte,  Samuel  Scudder, 
C.  Y.  Riley,  and  A.  S.  Packard  were  engaged  in  the  study  of  insects  and 
in  laying  the  foundation  of  the  influential  American  school  of  systematic 
and  economic  entomology,  and  J.  H.  Comstock  established  the  department 
of  entomology  at  Cornell  which  has  become  a  leading  factor  in  the  devel- 
opment of  the  science  in  this  country.  Vertebrates  were  also  being 
studied  assiduously  by  E.  D.  Cope,  who  in  the  study  of  fishes,  amphib- 
ians, reptiles,  and  mammals,  and  by  S.  F.  Baird  and  Elliott  Coues, 
who,  in  that  of  birds  and  mammals,  all  produced  work  of  fundamental 
importance. 

In  December,  1873,  Louis  Agassiz  died  and  with  his  death  ended  an 
important  era  in  the  history  of  American  zoology— but  only  to  give  way 
to  another  more  important.  The  distinctive  school  of  zoological  investi- 
gation which  he  founded  continued  to  flourish,  not  only  in  Cambridge 
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under  the  leadership  of  Alexander  Agassiz  and  E.  L.  Mark^  but  ftlso  in 
Baltimore  where  Lonis  Agassiz's  pupil  W.  K.  Brooks  taught  in  the  newly 
founded  Johns  Hopkins  University.  From  these  two  centers  the  scientific 
study  of  animals  has  spread  to  almost  aU  the  universities  and  other  institu- 
tions of  learning  of  the  countiy,  and  the  men  who  have  gone  out  from  them 
aU  year  by  year  in  ever  increasing  numbers  have  maintained  the  high  stand- 
ards which  Agassiz  represented  and  have  today  placed  American  scholar- 
ship in  this  field  in  the  fore  rank  of  the  world's  achievement. 

Yeiy  important  in  the  history  of  American  zoology  was  the  estab- 
lishmenty  a  few  years  after  the  death  of  Louis  Agassiz,  of  the  Woods 
Hole  Marine  Biological  Laboratory  (1887),  The  Journal  of  Morphology 
(1888),  and  the  Morphological  Society  (1890).  These  enterprises  were 
due  very  largely  to  the  initiative  of  C.  O.  Whitman  and  brought  about  a 
solidarity  of  interest  of  the  scientific  zoolog^ists  of  the  country  to  which 
the  greftt  advances  made  by  zoological  investigation  in  America  in  recent 
years  and  the  high  rank  it  has  attained  in  the  world  are  largely  due. 

Important  also  has  been  the  part  taken  by  the  various  scientific  de- 
partmoits  of  the  United  States  government  in  furthering  the  study  of 
animails.  This  work  was  begun  by  the  Smithsonian  Institution  in  1846 
and  has  been  continued  directly  by  it  and  the  United  States  National 
Museum,  the  Bureau  of  Fisheries,  the  (Geological  and  Coast  Surveys,  the 
Marine  Hospital,  and  the  various  Bureaus  in  the  Department  of  Agri- 
culture. The  important  scientific  work  carried  on  by  these  institutions 
and  the  great  collections  they  have  accumulated  have  made  Washington 
today  the  most  important  scientific  center  in  the  country. 

3.  Suhdivinons  of  the  animal  hingdom.^The  animal  kingdom  con- 
tains in  this  book  eight  subkingdoms  or  phyla.  Several  of  these  are  sub- 
divided into  subphyla,  and  all  the  phyla  and  subphyla  into  classes.  The 
classes  are  made  up  of  orders,  although  they  are  sometimes  first  sub- 
divided into  subclasses  and  these  into  orders.  The  orders,  and  the  sub- 
orders into  which  some  of  them  are  subdivided,  are  made  up  of  families, 
and  often  subfamilies.  Each  family  and  subfamily  is  composed  of  one 
or  more  genera  and  each  genus  of  one  or  more  species.  The  combination 
of  its  generic  with  its  specific  name  constitutes  the  scientific  name  of  an 

The  whole  number  of  species  of  animals*  which  make  up  the  animal 
kingdom  is  not  known  but  probably  amounts  to  several  million.  The 
number  which  has  been  described  in  scientific  publications  and  given 
names  in  the  Linnsan  system  of  classification  is  considerably  over  half 
a  million. 

•  See  "On  the  Number  of  Known  Species  of  Animals,**  by  H.  S.  Pratt,  Science, 
N.  8.,  Vol.  35,  p.  467.  Ml  2. 
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The  following  estunates  have  been  made  of   the  number  of  the 
described  species  in  each  phylum: 

Phylum  I.    Protozon  8,000 

Phylum  II.    CoBlenterata    7,000 

Phylum  III.    Vermes 9,000 

Phylum  IV.    Annelida   4,000 

Phylum  V.    Arthropoda 400,000 

Phylum  VI.    MoUusca 61,000 

Phylum  VTI.    Echinodermata  4,000 

Phylum  VIII.    Chordata  37,000 

Key  to  the  phyla  of  the  Animal  Kingdom: 

Oi  Single-celled  animals,  aquatic  and  microscopic 1.  Protozoa 

o.  Many-celled  animals. 
bi  Body  radially  symmetrical. 

Oi  Body  with  2,  4,  6  or  more,  or  without,  definite  radii 2.  Gcelentkrata 

Ct  Body  with  5  radii 7.  EcHiNODEaMATA 

&t  Body  bilaterally  symmetrical. 
0|  Respii'atory  organs  not  "pharyngeal. 
di  Body  without  a  calcareous  shell  (with  rare  exceptions). 

ei  Body  not  externally  segmented  (except  in  tapeworms) 3.  Vebmbs 

6^  Body  externally  segmented. 

ft  No  segmented  locomotory  appendages. . . . ^ 4.  Annelida 

ft  Paired  segmented  appendages  present 5.  Abthbopoda 

da  Body  with  a  calcareous  shell 6.  Mollusca 

Ct  R^Mipiratory  organs  internal  and  pharyngeal 8.  Chobdata 


PHTLUML 

PROTOZOA.*     (SlNQLB-CELLBD  AnIMAI£.) 

Tha  Prototoa  are  miDiite,  aquatic  animals  which  consist  each  of  a  dngle 
cell  The  body,  like  any  other  animal  cell,  is  a  mass  of  protoplasm  eon- 
taining  oce  or  more  nuclei.  Distinct  organs,  in  the  ordinary  sense,  are  not 
present,  bnt  certain  specialized  structures  are  usually  found  in  the  body 
whidi  perform  certain  special  functions.     The  Protozoa  perform  all  the 
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ms.l^-Amaba  Kmaa   (Codd).     F1(C.  Z~AM(r»a  vratm   (CoaD) 
vooHole,'  eo,  acIo»aro;  en,  entotarc:  ex,  txr"'"  ■  "   — 
p,  pamdopadliiiii. 


esecntial  functions  which  characterise  the  animal  body.  The  superficial 
layer  of  the  protoplasmic  body  is  usually  byalme  and  distinct  and  is  called 
the  eetosarc  (Fig.  2).  It  secretes  in  most  forms  a  cuticula  or  even  a  hard 
shell  which  gives  the  body  definite  form.  In  the  simplest  cases,  locomotion 
is  accomplished  by  the  thrusting  out  of  projections  called  psendopodia 
(Fig.  2)  in  the  direction  of  movement.    In  the  bigfaest  forms,  however,  cilia 

•  See  "Protoioa,"  b;  O.  Bfltscbli.  BniDD'i  "KlaBWn  n,  OtA.  des  Tblerrelcbs," 
ToL  1,  1S80-18SS.  "A  Llat  o(  the  ProtoioB  and  Botlfera  Found  In  tbe  lUlnoU  Blrer," 
etcL,  b7  A.  Hempel,  Ball.  111.  Bt.  Lab..  Vol.  B,  p.  301,  1898.  "A  Beport  on  tbe  Pro- 
toioa of  Lake  Brie,"  etc.,  by  H.  8.  Jeontngs,  BnlL  C,  S.  FIsb.  Com..  1S99,  p.  105. 
"Tlie  PiotovM."  by  O.  N.  CbUIdb,  1901,  "Harine  Protoioa  of  Wooda  Hole,"  by  umc, 
BalL  U.  8.  ITlBh.  Com.,  ISOl,  p.  413.  "The  Protoma  of  the  Freab  Waters  of 
CoDDecUcDt,"  by  H.  W.  Conn,  Bull.  No.  2.  State  Geol.  and  Nat.  Hlat.  Surrey.  "The 
Protoxo*  o(  lowB,"  by  C.  H.  BdmondsOD,  Proc.  Acad.  Scl.,  Daienport,  1906.  "The 
ProtoBoa  of  Saadniky  Bay."  by  F,  L.  Laadacre,  Proc  Ohio  St.  Acad.  Sd.,  Vol.  4, 
p.  421,  1908  (containing  a  full  bibliography).  "Protoioology,"  by  Q.  N.  Calklna, 
1900.  "Lebrbocta  der  Protoioeiikande,"  by  F.  Doflela,  3d  Ed.,  1911.  "The  Protoaoan 
Parasites  ot  Domeitlc  Animals,"  by  H.  Crawley,  Cite  194,  Bar.  An.  lad.,  Dep.  of 
As„  1912. 
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(Fig.  87)  or  flagella  (Fig.  35),  which  are  projections  of  the  ectosarCi  are 
present  and  are  permanent  oigans  of  locomotion.  In  a  few  ciliates  true 
muscle  fibres  are  present.  Sensation  is  exercised  by  the  entire  surface  of 
the  body  and  its  projections. 

The  inner  portion  of  the  body  is  called  the  entosarc  (Fig.  2) ;  in  it 
nutrition  is  carried  on.  Food  in  solid  form  may  be  taken  into  the  mass  of 
the  entosarc,  where  it  is  usually  surrounded  by  a  watery  fluid  forming  the 
f ood-vacuole,  and  digested  and  absorbed.  In  the  lower  Protozoa  the  food 
particles  are  taken  in  through  the  outer  surface  by  a  simple  process  of 
engulfing,  no  mouth  being  present,  but  in  most  Infusoria  a  definite  month 
is  present  in  the  ectosarc  from  which  a  gullet  leads  into  the  entosarc. 
Indigestible  portions  of  the  food  are  thrown  out  through  an  anal  opening 
in  the  ectosarc  which  in  the  higher  forms  alone  is  a  permanent  structure. 
Many  protozoans  lead  parasitic  lives  and  absorb  the  vital  fluids  of  their 
hosts  through  the  outer  surface  of  the  body.  Great  numbers  of  the  flagel- 
lates also  closely  resemble  plants  in  their  habits  of  nutrition.  Respiration 
is  carried  on  through  the  entire  outer  surface  of  the  body,  as  is  also 
excretion  in  most  marine  and  parasitic  Protozoa,  In  the  majority  of 
Protozoa,  however,  a  special  excretory  organ,  the  contractile  or  pulsating 
vacuole  (Fig.  2,  cv),  is  present  in  the  form  of  ia  minute  globule  of  clear, 
excretory  fluid  which  collects  periodically  and  is  then  discharged  to  the 
outside  through  a  temporary  opening  in  the  ectosarc.  The  contractile 
vacuole  probably  exercises  a  respiratory  as  well  as  an  excretory  function, 
carbon-dioxide  being  eliminated  by  its  discharges. 

The  characteristic  method  of  reproduction  is  by  equal  division.  The 
nucleus  takes  the  lead  in  the  process  and  is  quickly  followed  by  the  body 
of  the  cell,  and  two  new  individuals  are  thus  formed  from  a  single  old 
one.  In  many  Protozoa  the  new  individuals  are  not  completely  separated 
from  each  other,  but  remain  connected  together,  and  a  colony  is  thus 
formed,  while  in  some  a  physiological  division  of  labor  occurs  among  the 
members  of  such  a  colony  and  an  important  step  towards  the  development 
of  a  metazoan  animal  is  taken.  Still  another  modiflcation  of  simple 
division  is  the  formation  of  spores,  which  characterize  the  Sporozoa  and 
occur  occasionally  in  the  other  Protozoa.  Spore  formation  may  be  pre- 
ceded by  the  encystment  of  the  animal  and  a  period  of  rest;  the  animal 
draws  itself  together  into  as  small  a  compass  as  possible  and  then  secretes 
a  firm  membrane  or  shell  within  which  it  lies  while  spore  formation  is 
being  accomplished.  Later  the  cyst  breaks  and  the  spores  being  liberated 
each  becomes  a  new  individual. 

Of  universal  occurrence  among  Protozoa  is  conjugation,  or  the  tem- 
porary or  permanent  fusion  of  individuals,  which  in  some  of  its  phases 
resembles  the  process  of  fertilization  in  the  higher  animals.    The  two 
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individaals  which  conjugate  may  be  either  (1)  similar  foll-siised  animalsy 
(2)  full-grown  animals  of  dissimilar  size,  (3)  reduced  individuals  of  similar 
size  (similar  swarm-spores),  or  (4)  reduced  individuals  of  dissimilar  size 
(specialized  gametes).  In  the  last  mentioned  case  the  gametes  resemble 
tiie  male  and  female  reproductive  cells  of  the  Metasoa, 

Ccnjugation  was  formerly  thought  to  be  a  process  of  rejuvenation  by 
iHiich  the  vital  energies  of  the  animals  are  renewed  after  the  appearance 
of  senile  changes  and  a  decrease  in  size  and  strength.  It  is  now  believed 
to  be  rather  a  method  for  the  introduction  of  variation  into  a  race  or 
species,  and  to  have  thus  a  meaning  similar  to  that  of  sexual  reproduction 
among  the  Metazoa,  a  variable  race  being  better  fitted  to  adapt  itself 
to  a  changing  environment  and  to  overcome  unfavorable  life-conditions. 

The  Protozoa  are  all,  with  a  few  exceptions,  aquatic  animals.  When 
the  water  in  which  they  are  living  dries  up  and  at  certain  other  times 
they  encyst  themselves,  and  in  this  condition  can  withstand  complete 
desiccation  a  long  time.  Protozoa  are  easily  transported  by  the  wind, 
especially  when  encysted,  and  many  species  have  a  world-wide  distri- 
bution. 

Protozoa  teed  upon  organic  matter  in  every  form.  Certain  species 
are  carnivorous;  others  feed  exclusively  on  plants;  many  feed  on  decaying 
substances;  and  many  are  parasitic.  Of  this  latter  kind  many,  especially 
among  the  Sporozoa,  are  the  cause  of  disease  both  in  man  and  animals. 
Many  contain  chlorophyll  and  live  like  plants  and  are  consequently  near 
the  border  line  between  plants  and  animals. 

History,— MieroBcopic  animals  were  first  studied  in  1675  by  the  Dutch 
naturalist  Leeuwenhoek,  who  first  used  the  microscope  in  the  study  of  living 
organisms.  About  a  hundred  years  later  Otto  Friedrich  Miiller  described 
a  laige  number  of  them,  adopting  the  binomial  nomenclature,  and  thus 
hid  the  foundation  of  the  present  classification.  The  name  Protozoa 
originated  with  Goldfuss  in  1820,  who,  however,  included  in  the  group 
jellyfish,  hydroids,  and  all  of  the  lowest  animals.  In  1838  Ehrenberg 
published  his  epoch-making  work  on  Infusoria,  including  in  this  term  all 
the  microscopic  animals,  the  significance  of  his  work  consisting  in  the  fact 
that  he  brought  together  accurate  descriptions  of  great  numbers  of  these 
OEganisms.  Ehrenbeig  was  followed  by  Dujardin  and  others  and  in 
1845  von  Siebold,  interpreting  these  simple  creatures  in  the  light  of  the 
newly  established  cell-theory,  separated  them  from  the  Radiata,  with 
vhieh  they  were  classed,  and  applied  to  them  the  name  Protozoa. 
Butsehli  (1880-1889)  gave  the  classification  of  the  group  its  present 
fonn. 

The  Protozoa  contain  4  classes  and  about  8,000  spedea,  of  which  the 
usjority  are  radiolarians. 
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Key  to  the  classes  of  Protozoa: 

Oi  Cilia  or  flagella  absent. 

hi  Pseudopodia  present,  sometimes  with  rigid,  axial  filaments...!.  Sabcodina 

5j  Pseudopodia  absent,  as  well  as  all  other  locomotory  organs,  in  the  adult 

animal  3.  Sfobozoa 

o.  Cilia  or  sucking  tentacles,  or  flagella  present. 

&x  Flagella  present 2.  Mastigofhoba  (Flagellaia) 

fts  Cilia  or  sucking  tentacles  present 4.  Infusoria 

Glass  1.    SABOODINA.* 

The  most  primitive  Protozoa,  in  which  the  body  is  usually  with- 
out definite  form,  but  in  most  cases  possesses  rigid  skeletal  structures. 
Locomotion  is  effected  by  means  of  pseudopodia,  which  are  more  or  less 
temporary  projections  of  the  body.  In  the  Heliozoa  and  Badiolaria  these 
are  much  less  changeable  in  form  than  in  the  Bhizopoda  and  are  usually 
supported  by  a  central  skeletal  filament.  Contractile  vacuoles  are  present 
except  in  the  marine  forms.  Encystment  and  conjugation  characteruse  all. 
The  majority  of  the  Sarcodina  are  marine  animals  and  they  are  often 
present  in  such  large  numbers  in  the  sea  that  the  empty  shells  form 
important  deposits  at  the  bottom  {Foraminifera).  The  affinities  of  the 
Sarcodina  are  with  the  flagellates :  the  young  of  certain  forms  are  flagellate 
and  in  Maatigammha  and  others  the  adult  form  has  both  pseudopodia  and 
flagella.  The  class  was  first  called  the  Bhizopoda,  but  in  1880  Biitschli 
substituted  the  term  Sarcodina  for  Bhizopoda,  giving  the  latter  name  to  one 
of  the  orders.  The  class  contains  6,000  species,  most  of  which  are 
Badiolaria  and  Foraminifera,  grouped  in  3  orders. 

Key  to  the  orders  of  Sarcodina: 

Oi  No  central  capsule  present ;  animals  in  both  salt  and  fresh  water, 
fti  Body  naked  or  with  shell,  with  very  changeable  pseudopodia  which  contain 

no  central  axial  filament 1.  Bhizopoda 

fta  Body  naked  or  with  shell,  usually  of  spherical  and  relatively  permanent  form 
with  delicate  ray-like  pseudopodia,  each  of  which  contains  a  central 

.  filament 2.  Heliozoa 

o.  Central  capsule  present;   marine  animals  of  relatively  permanent  form  with 
ray-like  pseudopodia 3.  Raoiolabia 

Ordeb  1.    BHIZOPODA. 

Body  usually  covered  externally  by  a  shell  (but  sometimes  without) 
which  is  a  secretion  of  the  ectosarc,  and  in  many  cases  is  covered  with 
sand  or  other  foreign  objects;  pseudopodia  variable  in  form:  2  suborders 
and  about  1,500  species,  of  which  200  live  in  fresh  and  1,300  in  salt  water. 

Key  to  the  suborders  of  Bhizopoda: 

Oi  Rhisopoda  with  simple  pseudopodia  and  with  or  without  a  shell.  .1.  Ak(EBIDa 

d,  Bhizopoda  with  branching  and  anastomosing  pseudopodia  and  with  or  without 

a  shell 2.  Betioulabuda 

•  See  "Freshwater  Bhiiopoda  of  North  America,**  by  J.  Leidy,  Bep.  U.  8.  GeoL 
Bar.,  etc.  Vol.  12,  1879. 
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Suborder  1.    AMCEBIDA. 

Shigopoda  having  loboee  pseudopodia  which  may  be  finger-shaped  or 
pointed,  but  are  nsnally  not  reticulate;  shell  of  chitin  or  silica  usually 
present,  to  which  sand  or  other  foreign  bodies  may  be  attached :  3  families. 

Key  to  the  families  of  Amabida: 

Ox  Naked  Am<Bbida   1.  Amcebzdab 

a,  Amcebida  with  a  shell, 
fti  Shell  membranous,  often  with  sand  and  other  foreign  bodies  imbedded  in 

it    2.  Abcellidab 

ftt  Shell  composed  of  regular  plates  of  silica  or  chitin ;  pseudopodia  sharp  and 
often  branching  and  sometimes  slightly  anastomosing. . .  .3.  ESugltvhidab 

Family  1.    AMCEBIDAE. 

Shell-leas  Rhizopoda,  whose  pseudopodia  are  not  reticulate;  body 
without  definite  form  and  under  ordinary  conditions  constantly  changing 
its  shape  by  throwing  out  pseudopodia,  although  covered  by  a  cuticula  of 
greater  or  less  delicacy:  about  19  genera,  with  numerous  species  in  both 
freeh  and  salt  water. 

Key  to  the  genera  of  Atncehidae  here  described : 

Ox  Nucleus  absent  1.  Pbotamcbba 

Os  Nucleus  present  and  usually  distinct. 

6t  Numerous  nuclei,  vacuoles,  and  retractile  bodies  present 2.  Peloictxa 

&k  Numerous  nuclei,  vacuoles,  and  retractile  bodies  not  present. 

Ct  Pseudopodia  membrane-like,  ectosarc  reddish 3.  Plakofus 

Cs  Pseudopodia  not  membrane-like. 
di  Pseudopodia  more  or  less  lobose,  sometimes  slender  and  spine-like. 

Ci  Animals  not  parasitic 4.  Akcbba 

e^  Animals  parasitic 5.  Entamosba 

da  Pseudopodia  very  long,  radiating  spine-like  from  body. 

6.  DaCTTIiOSPHJEBIUM 

L  PxoTAicsBA  Haeckel.  Minute  forms  without  nucleus  or  con- 
traetile  vacuole,  in  constant  motion,  with  short  pseudopodia:  4  species; 
in  salt  and  fresh  water. 

P.  primitiTa  Haeckel.    In  fresh  and  salt  water. 

2.  PsLOMTXA  Greeff.  Very  large  forms  constantly  flowing  by 
means  of  short  pseudopodia;  body  with  numerous  nuclei,  vacuoles  and 
hyaliiie  rods;  diameter  up  to  2  mm.:  4  species;  in  fresh  water. 

P.  palnatriB  OreefC.    Without  projections  at  hinder  end. 

P.  TiUoaa  Leidy.  Possesses  numerous  posterior  projections;  about 
1  mm.  in  length;  body  dark  and  opaque. 

P.  carolinensis  H.  V.  Wilson.  No  rods  present,  but  numerous 
ndnute  eiystals;  1  mm.  in  diameter. 

3.  Plakopub  F.  E.  Schulze.  Body  changes  slowly  in  form  and  with 
pointed  pseudopodia  which  are  often  joined  together  by  a  broad  mem- 
brane: 2  species;  in  fresh  water. 
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P.  rnber  F.  E.  Sehnlse.    Color  reddish :  in  fresli  water. 

4.  AmiBA  Ehrenberg.  Body  may  assume  a  variety  of  forms,  twing 
often  more  or  less  spherical  while  at  rest;  pseudopodia  either  slender  or 
lobose;  nnclens  and  contractile  vaonole  present:  about  12  epeoies;  in 
fresh  and  salt  water. 

A.  Umax  Dnjardin  (Fig.  1).  Body  small,  elongate,  without 
definite  psead<^)odia  and  moves  by  slowly  flowing  along:  in  fresh 
water. 

A.  pntens  (Pallas)  (Fig.  2).  Diameter  np  to  .5  mm.;  pseudopodia 
long  and  nsoally  blnnt ;  movements  often  active :  in  f redi  water. 

A.  xadiOM  £hr.  Pseudopodia  slender  and  radiatii^;  body  more  or 
less  Btar^haped ;  diiuneter  about  .04  mm. :  on  water  plants. 


Fic-  s  Fig.  i  Tig.  s 

ns-  8 — AnmAs  iwraeeM  (Codd).    FIs.  4 — BntamtA*  mH  (Dolleln), 

Fig.  11 — S»tamaba  dyienferiae  (Dofleln). 

A.  vamicosa  Ehr.  (Fig.  3).  Diameter  up  to  .2  mm.;  pseudopodia 
short;  surface  folded;  movements  slu^ish. 

B.  EMTAXOBa  Casagrandi  and  Borbagallo.  Bimilar  to  Amteha,  bnt 
parasitic  in  mamroals ;  size  minute;  pseudopodia  short  and  sluggish: 
several  epecies. 

E.  coll  (Loesch)  (Fig.  4).  Form  roundish  or  elongate  with  a  dis- 
tinct nucleus  and  an  indistinct  ectosarc;  pseudopodia  short  and  slug- 
gish; diameter  .06  mm.:  in  boman  colon;  formerly  supposed  to  be  a 
cause  of  dysentery. 

E.  dyBentoriae  (Councilman  and  Lafleur)  (E.  \istoIytica  Schandion) 
(Fig.  5).  Similar  to  E.  coU  but  with  a  distinct  eotos&ro:  in  the  hunuu 
eolon;  the  cause  of  dysentery. 

6.  DAOTTXoaFBJBBm  Hertw^  and  Lesser.  Small  round  forms 
with  often  nameroue  long,ray-like  pseudopodia,  which  sometimes  vibrate 
slightly;  short  and  blunt  pseudopodia  also  present  when  the  animal 
moves:  in  fresh  water. 

D.  radlognm  (Ehrenberg).  Three  or  4  long  spine-like  pseudopodia; 
diameter  .02  mm. 

D.  polypodia  F.  E.  Bchnlze.  Numerous  flnger>like  psendopodia 
preaent. 
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Faiolt  2.  /tttfrvmTnxv. 
Shell  membraDoaa  and  consiBting  of  a  aingU  chamber,  the  surface 
of  which  is  either  smooth  or  covered  with  sand  or  other  foreign  par- 
ticles; aingle  opening  nsually  present  from  whioh  blunt  pseadopodia 
protrade:  fresh-water  animals  of  minnte  size;  10  genera  and  aboat  30 
species. 

Key  to  the  genera  of  Areellidat  here  described: 

a.  Shell  corered  with  laud  or  other  foreign  bodies 1.  DOTLUOIA 

a.  Shell  not  covered  with  foreisu  bodies. 

i.  Shell  composed  of  quadrilateral  plates 2.  Qitadbuklla 

\  Sh«ll  of  one  piece,  not  composed  of  plates. 
c^  Shell  flexible  and  more  or  lees  dIsc-Uke ;  1  to  3  openings.  .8.  GocHUOFfHHDH 
1^  Shell  disc-shaped  and  not  flexible. 

d.  Rim  of  shell  withont  spine* 4.  AaOEU^ 

d.  Rim  of  shell  with  spines 6.  Centboptxib 

1.  Dmxtrsta  Leclerc.  Shell  covered  with  sand-grains  or  other 
foreign  bodies,  pear-shaped  or  spherical,  frequently  with  spines  at  the 
sides  or  hinder  end,  and  with  a  largo  opening  at  the  other  end  from 


Wis.9—D{»uoia  lotottoma   (Conn).     Pig.  T— Otfltwto  oorcma  (Leiily). 
rig.  B— gHtxtmsIIo  Ji/imnelrtoa  (Leid;). 

whidb  a  nnmber  of  blttnt  psendopodia  may  project;  nneleus  and  con- 
traetile  vaouoles  always  present :  about  20  species,  which  are  very  vari- 
able in  form;  in  fresh-water  pools,  usually  on  plants  or  on  the  bottom. 
D.  lobostoau  Leidy  (Fig.  6).  Bhell  spherical  or  ovate,  the  oral  pole 
tmneated;  month  nsnally  3  to  6  lobed;  aboral  end  rounded;  length  J2 


D.  pyriformis  Perty.  Shell  bottle-shaped  with  a  cylindrical  neck 
more  or  less  distinct ;  length  np  to  .6  mm. :  common. 

D.  mceolata  Carter.  Shell  jug-shaped  with  short  neck  and  often  a 
rim;  hinder  end  pointed  or  rounded;  length  up  to  .52  mm. 

D.  GOttftricta  Ehrenberg.  Shell  ovoid;  month  oblique;  aboral  end 
nranded,  often  with  spines;  length  up  to  .3  mm. 

D.  dolnlosa  Dnjardin.  Shell  spheroidal  or  oval;  mouth  circular; 
length  .2  mm.  or  less:  rather  common. 

D.  aenmiaaU  Ehr.  Shell  oval;  aboral  end  acnte,  often  prolonged, 
rarely  with  2  or  3  points;  length  .4  mm. 
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D.  coronft  Wallich  (Fig.  7).  Shell  spheroid  with  a  nomher  of  long 
spines  at  hinder  end;  length  up  to  32  mm:  very  common. 

2.  QVASKUXLI.A  Cockerell.  Shell 
pear-shaped  and  composed  of  quad- 
rilateral BiliciouB  plates,  with  oe- 
caBional  spines  at  the  hinder  end: 
several  species;  in  fresh  water. 

Q.  symmetrica  (F.  E.  Schulze) 
(Fig.  8).    Length  up  to  .14  mm.: 
"    m  swamps. 

3,  OooaLiOFODlUlE  Hertwig  and  Lesser.  Shell  minute,  spheroid  or 
diBc-like,  without  foreign  bodies,  and  flexible,  changing  in  shape:  3 
species;  in  fresh  water. 

C.  bilimbosnm  Auerbaeh  (Fig.  9).  Diameter 
np  to  .05  mm.;  opening  large,  the  acute  pseudopodia 
protruding:  among  a^e,  etc.,  in  freah  water. 

0.  dlgltatnm  Calkins.  Several  openings  through 
which  peendopodia  protrude. 

4.  Akcblla  Ehrenberg.  Shell  yellow  or  brown 
and  smooth,  not  being  covered  with  sand,  convex 
on  one  side,  and  flat  or  concave  on  the  other,  in 
the  middle  of  which  is  the  opening;  nuclei  and 
contractile  vacuoles  2  or  more:  several  species;  in  ' 
fresh  water,  also  in  moist  sand  and  moss. 

A.  TnlgariB  Ehr.  (Fig.  10).     Diameter  about  .15  i 
scalloped:  very  common. 

A.  dmtftta  Ehr.  (Fig.  U).  Diameter  abont  .18  mm.;  margin  scal- 
loped. 


Fig.  10 


B,  aide  fl«w. 
un.;  maigin  not 


6.  OEHTBOPTzn  Stein.    Shell  similar  to  AtctOa,  but  with  spines, 
variable  in  number,  and  sometimes  elongate:  in  ditches  and  pools. 
\  Stein  (Fig.  12).    Diameter  of  shell  .2  mm. 
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Family  3.    EUQLTPHIDAE. 

Shell   membranoae   and   composed   of  pistes  of  chitin  or  silica 
snelosing  s  single  chamber  with  a  single  large  opening;  psendopodift   ' 
filiform  and  sometimes  somewhat  anastomoBing;  size  minate:  5  genera; 
mostly  in  fresh  water. 

1.  BosLTTEA  Dojardin.  Shell  elongate,  ovate,  often  with  spines 
at  binder  end  and  composed  of  oblique  rows  of  round  plates  whose 
edges  overlap,  making  hexagonal  areas;  opening  denticulate;  pseudo- 
podia  fine,  often  branching  but  not  reticulate:  in  fresh  water;  4 
q>eciea. 

E.  alTMlata  Duj.  (Fig.  13).  Shell  colorless,  elongated 
and  cylindrical;  binder  end  broader,  usually  with  a  few 
long  spines ;  plates  composing  it  are  round  or  oval ;  length 
J5  mm.:  common. 

E.  dliata  Leidy.  Shell  elongate  and  elliptical  in 
eroas  section ;  binder  end  and  sides  with  numerous  short 
spines ;  plates  six-sided ;  length  J.  mm. :  common  in 
sphagnum  moss. 

2.  Otphodxxu    Sehlumberger.    Shell    retort-sbaped 

and  eompoaed  of  minute  plates;  opening  turned  to  one         p^  14 
mde;  forward  half  of  body  contains  numerous  oontractile      Cvp^odeHo 
vacuoles,  and  binder  half  the  nucleus;  color  yellowish:        (Lddr). 
2  speciee;  in  fresh  and  salt  water. 

0.  ampnUa  (Ehrenberg)  (Fig.  14).  Length  .17  mm.:  in  ponds  and 
ditches. 

SuBOBDKR  2.     RETICULARIIDA. 

Pseudopodia  filiform  and  reticulate;  calcareous  shell  usually  pres- 
ent which  has  either  one  or  more  lai^  openings  or  many  minute  ones, 
throng  which  the  pseudopodia  project:  3  divisions. 

Kcry  to  the  divisions  of  Reticulariida: 

0,  No  Bbell  present 1.  Nm>A 

B,  Sbell  with  one  or  more  U^e  and  no  minnte  openings 2.  iMPXarOBlNA 

a.  No  larse  but  nnmeroiw  minnte  openings 3.  Pebtoura 

DmsioH  1.    NUDA. 

Bbizopods  without  shell  and  with  reticulate  pseudopodia:  about  8 
genera;  mostly  marine. 

BiOKTXA  Leidy.  Form  incessantly  changing;  nucleus  present  or 
af^rently  absent:  1  species. 

B.  mau  Leidy.  Color  pale  gray  with  oil  globules,  nucleus  when 
present  large  and  distinct;  no  ectosarc:  in  sphagnum  moBS. 


DinsiOK  2.    QIFEBFOKtMA. 
RhizopodB  with  sheU  wUeh  has  one  or  more  laig«  openings  from 
which  project  reticolate  and  anastomoBing  pseudopodia;  sfaell  nsoally 
ealoareooB,  but  sometimeB  membnuioaB,  to  which  sand  ma;  adhere,  and 
one  or  many  chambered:  4  &milies. 

Family  QBOUHDAE. 
Uarine  and  freBh-w&ter  rhizopode  with  a  membranoiui  ehell  with 
an  opening  at  one  or  both  enda :  10  genera. 

Key  to  the  genera  of  Gromudae  here  described: 
O)  Shell  with  but  one  openinK. 
b,  PseiidopodU  richl;  anutomoainx ;  contractile  Tacnoles  nsuallr  present 

1.  Gbouia 
it  Paeadopodia  anaatomorins  little ;  numeroas  contrmctUe  racnolee. 

2.  Paicfhaods 
a.  Shell  with  an  opening  ateodiend 3.  Oiflwhkts 


.:> 


71s.  lit— «r«ai<a  KvmoMm  (Calklna). 

L  Obomu  Dnjardin.  Shell  spherical  or  ovate  in  ihape  and  entirely 
filled  by  the  protoplasmic  body;  shell  memhranoas  and  often  flexible, 
eheoging  its  shape;  psendopodia  very  fine  and  reticnlate;  nuclei  one  or 
many:  several  species;  is  fresh  and  salt  water. 

O.  lasenoldH  Oruber  (Fig.  16).  Body  about  .25  mm.  long,  with 
opening  at  larger  end  of  shell;  edge  of  opening  turned  in;  a  fine  layer 
of  protoplasm  Burrounde  the  shell  which  has  fine  reticulate  psendopodia 
Ml  all  sides  of  it;  shell  either  with  or  without  foreign  bodiee:  Woods 
Hole;  not  numerous. 

2.  PAHPHAsn  Bailey.  Peeudopodia  very  delicate,  springing  from 
a  common  protoplasmie  base  and  not  anastomosing;  shell  flexible  and 
delicate,  and  filled  by  the  protoplasmic  body;  opening  of  shell  narrow: 
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P.  mutoMHg  Bailey.  Body  compressed  and  ovate  or  pear-shaped; 
protoplaam  yellowish  in  oolor ;  length  1  mm. :  in  swamps. 

P.  hyaliniiB  Leidy.  Body  almost  spherical  with  short  neck;  often 
eolonial;  length  .04  mm. 

S.  IhSLOPBKTB  Barker.  Shell  spherical  and  membranous  and  with 
two  openings  opposite  each  other,  from  which  protmde  the  pseudopodia: 
2  speeies;  in  fresh  water. 

D.  archeri  Barker.  Psendopodia  not  always  anastomosing;  length 
.02  mm. 

DnnsiON  3.    PBBFOBINA.    (FoaAMiKmBA.) 

Caleareons  shell,  either  one  or  many  chambered,  and  with  nomeroos 
minute  pores,  as  well  in  some  cases  as  large  openings,  through  which 
stream  reticulate  pseudopodia:  9  families  with  numerous  genera  and 
over  1,200  species,  most  of  which  live  in  the  mud  of  the  sea  bottom,  about 
20  speeies  being  pelagic 

Family  GLOBIGEBINIDAE. 

Shell  calcareous  and  one  or  many  chambered  with  one  or  more  large 
openings:  about  7  genera. 

GxoBzesBiVA  D'Orbigny.  Shell  with  many  chambers  which  are 
more  or  less  ovoid  and  spirally  arranged;  large  openings  crescentic; 
usually  with  spines:  about  13  species;  marine. 

O.  bvDoides  D'Orb.  Animals  pelagic  and  also  in  the  bottom  mud 
at  all  depths  down  to  3,000  fathoms:  cosmopolitan. 

Oedbb  2.    HELZOZOA.* 

Sarcodina  with  little  power  of  amodboid  movement,  with  a  silidous 
skeleton  and  fine  ray-like  pseudopodia  which  are  often  supported  by 
silieiouB  axial  filaments;  ectosarc  and  entosarc  usually  sharply  marked; 
eontraetOe  vacuole  present  in  the  fresh-water  forms,  but  absent  in  the 
marine  ones;  either  one  or  several  nuclei  present;  reproduction  either 
by  equal  division  or  by  spore  formation,  the  spores  being  flagellate 
and  after  an  active  life  losing  their  fiagella  and  assuming  the  form  of 
the  adult;  conjugation  and  encystment  also  occur:  about  50  species, 
grouped  in  4  suborders;  mostly  in  fresh  water,  but  also  in  the  sea  and 
in  moist  earth. 

Kqt  to  the  suborders  of  Heliozoa: 

Hi  Heliosoa  without  skeleton. 

bx  Body  naked 1.  Aphbothoiugida 

ft.  Body  with  a  soft  gelatinous  or  felted  fibrous  covering.  .2.  GHLAMTDOFHOBmA 
«,  Helioaoa  with  skeleton. 

\  Skeleton  consists  of  spicules 3.  Ghalabathobacida 

kg  Skeleton  consists  of  a  single  piece  perforated  by  numerous  openings. 

4.  Dbskothoeacida 
*  See  "HeliosoA,"  by  F.  Schaudinn,  Das  Tlerreich,  1896. 
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8UB0BDBB  1.    APHROTHORACIDA. 
Naked  Heliozoa  with  filiform  pseudopodia  radiating  from  all  eidea 
wliicb  are  either  with  or  without  axial  filaments;  one  or  more  nuclei 
and  contractile  vacnoles  present :  9  genera. 

Key  to  the  genera  of  Aphrothoradda  here  deBcribed: 
a,  Bodr  more  or  less  Bnuebaid. 
(i  EctoBSTC  and  entoaarc  ahatpl;  defined;    anUnala  appear  on  alsae  ai  red 

cystB 1.  Vauptbeli^ 

6,  No  boundar;  between  ectoearc  and  entoaarc 2.  Ncoleabia 

a.  Body  not  anuEboid;   form  spberical. 
b,  Ectosarc  and  entosarc  not  defined;  skeletBl  axis  of  psendopodia  extendinc  to 

center   3.  Actinophbts 

i,  Ectoaarc  and  entoaarc  aberplr  separated i.  AcnuosFasaitTic 

/ 


1.  Taj[FXXXU>&  Cienkowsky.  Eetosarc  hyaline;  entosarc  brown  or 
red,  frequently  vacuolated;  form  amceboid,  pseudopodia  radiating  from 
all  sides  or  arising  from  only  one  place:  5  species;  in  fresh  and  salt 
water. 

V.  lateritU  Leidy  (Fig.  16).  Body  spherical  or  elongated;  diameter 
about  .06  mm. ;  length  of  moving  animals  may  be  .24  mm. :  among  fresh- 
water algae. 

2.  NiroLSARU  Cienkowsky.  Body  spherical  or  elongate  and  amce- 
boid with  homogeneons  protoplasm ;  psendopodia  radiating  from  all  ^es 
or  arising  from  only  one  place ;  one  or  more  nuclei  and  many  contractile 
vacuoles:  2  species;  in  fresh  water. 

N.  siinplez  Cienk.  Diameter  about  .05  mm.:  among  Spirogj/ra  and 
other  fresh- water  plants. 

3.  ACTlirOPHRTa  Ehrenberg.  Body  epherical  and  not  amceboid; 
paeudopodia  radiating  from  all  sides  and  with  axial  threads  which 
extend  to  center  of  body;  eetosarc  and  entosarc  not  separate:  1  species; 
in  fresh  and  salt  water. 

A.  sol  (0.  F.  Miiller)  (Fig.  17).    Diameter  .05  mm.;  often  colonial: 
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4.  AomroBPKiERnnc  Stein.  Like  Actinophrya  but  with  sharply 
defined  and  vacuolated  ectosarc:  1  species. 

A.  eichhomi  (Ehrenberg)  (Fig.  18).  Diameter  up  to  1  nun.:  in 
fresh  water;  common. 

SuBOHDEB  2.    CHLAMTDOPHORIDA. 

Body  spherical  and  with  a  soft  gelatinous  or  felted  covering  in 
which  foreign  bodies  may  be  present:  5  genera. 

Hbte&ofhbys  Archer.  Body  with  a  slight  differentiation  into 
ectosarc  and  entosarc;  pseudopodia  radiating  from  all  sides:  2  species; 
in  fresh  and  salt  water. 

H.  myriapoda  Archer.  Diameter  .08  mm.;  pseudopodia  twice  as 
long  as  diameter  of  body;  chlorophyll  bodies  often  present:  in  fresh 
and  salt  water. 

Suborder  3.    CHALARATHORACIDA. 

Isolated  silicions  needles  present  which  cover  the  outer  surface:  8 
genera. 

1.  Baphidiofhbts  Archer.  Body  spherical,  covered  with  silicious 
needles  lying  tangentially;  ectosarc  and  entosarc  not  distinct;  pseudo- 
podia with  axial  threads  radiating  from  all  sides ;  often  forming  colonies 
which  have  a  common  covering:  4  species;  in  fresh  water. 

B.  elegans  Hertwig  and  Lesser.  Diameter  .04  min<;  often  with 
chlorophyll  bodies:  in  fresh  water. 

2.  AoAVTKOOTBTZS  Carter.  Spherical  animals  in  which  the  silicious 
needles  project  radially;  between  them  are  the  thread-like  pseudopodia^ 
each  with  an  axial  thread;  tangential  needles  may  also  be  present:  10 
species;  in  fresh  water. 

A.  duetophora  (Schrank).  Diameter  .1  mm.;  needles  of  2  forms, 
a  short  and  a  long,  both  forked,  and  both  with  basal  plates. 

4 

Suborder  4.    DESMOTHORACIDA. 

Body  enclosed  in  a  silicious  spherical  shell  containing  numerous 
round  holes;  a  central  nucleus;  many  contractile  vacuoles  and  filiform 
pseudopodia:  2  genera. 

Glathbvuha  Cienkowsky.  Body  spherical  and  fastened  by  a  stalk 
to  some  fixed  object;  the  body  does  not  fill  the  shell,  which  is  absent  in 
the  young  individuals:  2  species;  in  fresh  water. 

0.  elegans  Cienk.  (Fig.  19,  p.  24).  Diameter  of  shell  .07  mm. ;  length 
of  stalk  up  to  .3  mm.:  in  pools. 
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Obdeb  3.  EASIOLABIA. 
Marine  Sarcodina  often  of  large  dze,  witb  ray-like  psendopodia; 
lilioionB  skeleton  present  in  most  cases,  which  is  often  of  great  com- 
plexity and  beauty;  pseudopodia  usnally  witk  axial 
filaments;  body  divided  into  two  regions,  the  eentral 
capsule  and  the  eztra-capsular  portion;  eapsule  snr- 
roonded  by  a  perforated  cbitinous  membrane  and  oe- 
enpying  the  center  of  the  body  containing  also  one  or 
more  nuclei  and  often  oil  globules;  extra-oapsular  proto- 
plasm often  vaeuoUted  and  pigmented  and  containing 
often  yellow  unicellular  algae  (zooxanthellM)  which  live 
lymbiotieally  in  it;  no  contractile  vacuole  present;  re- 
production by  division,  the  central  capsule  dividii^  first ; 
in  some  forma  the  central  capsule  alone  divides,  and  a 
colony  is  the  result;  spore  formation  has  also  been  ob- 
served, in  which  flagellate  spores  are  formed  in  the 
Fix.  ift  central  capsule:  about  85  families  and  over  4,300  species, 

^'>'w0«<^       which  are  found  mostly  in  the  deep  sea. 
(Conn). 

FilOLT  TTTAT.AHflinnijLirAE. 

Skeleton  wanting;  central  capsule  simple,  with  a  single  uuelens. 
Tkalusioolla  Huxley.    Extra-capaular  portion  filled  with  alveoli 
among  which  are  numerous  yellow  algae. 

T.  pelagica  Haeckel.    Diameter  2  mm. :  in  the  Mediterranean. 

Class  2.    HASTIOOPHOBA.    (Flaoellata.) 

FrotOMOa  whose  motile  organs  consist  of  one  or  more  long  whip-like 
projections  called  flagella.  The  body  is  provided  with  an  external  mem- 
brane which,  in  many  cases,  is  very  delicate,  the  body  being  more  or 
leas  anusboid.  A  membranous  Bbell  of  silica,  chitin,  or  cellulose  is  also 
often  present.  In  one  group,  the  ChoanoflagelUdaj  the  base  of  the  single 
flagellum  is  surrounded  by  a  hi^  ridge  called  the  collar  (Fig.  28).  A 
single  nucleus  is  present,  and  usually  a  contractile  vacuole. 

The  protoplasm  usually  shows  no  division  into  eetosarc  and  entosare. 
It  often  contains  cbromatophores  which  may  be  formed  of  chlorophyll 
and  green,  or  of  diatomin  and  yellow  or  brown  in  color.  Other  bodies 
allied  to  starch  or  oil  are  often  present  imbedded  in  the  protoplasm. 
Reproduction  is  by  division  and  by  spore  formation;  colony  formation, 
the  result  of  incomplete  division,  is  very  common,  the  members  of  the 
colony  being  sometimes  enclosed  in  a  common  cellulose  jelly,  sometimes 
connected  by  protoplasmic  strands,  and  sometimes  joined  by  both  jelly 
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•nd  fltnaidB.  The  eolony  is  in  some  cases  very  complex  with  division 
of  labor  among  the  different  individuals. 

The  Mastigophora  have  been  known  from  the  earliest  period  of 
the  study  of  microscopical  animals  under  the  general  name  of  Flagellata, 
and  are  still  so  known  in  many  textbooks.  The  name  Mastigophora 
was  given  the  group  by  Biitschli  in  1883.  The  animals  live  in  both 
freah  and  salt  water,  and  many  are  parasites  in  the  higher  animals, 
being  often  the  cause  of  disease.  Large  numbers  closely  resemble 
pLinta  and  many  are  on  the  border  line  between  animals  and  plants.  The 
class  contains  3  subclasses  with  about  350  species. 

Key  to  the  subclasses  of  Mastigophora: 

Ml  Small  Mastiaophora  with  a  definite  anterior  and  poeterior  end,  at  one  or  the 
other  of  which  are  1  or  more  flagella 1.  Fulokllidia 

flb  Mastigophora  with  usaally  2  flagella,  1  anterior  and  1  transverBe  in  posi- 
tion      2.  DlNOlXAOKLUDIA 

«B  Laxge  jnarine  Mastigophora  with  parencfaymatoaa  protoplasm. 

8.  GTSToiULonxmiA 

Subclass  1.    FLAGELLIDIA. 

Body  with  a  well-defined  cuticula  which  gives  it  a  definite  shape, 
the  entieula  in  some  forms,  however,  being  so  thin  that  changes  in  shape 
often  take  place;  pseudopodia  formed  in  certain  forms;  many  flagel- 
lates are  protected  by  external  coverings  of  jelly,  chitin,  silica  or 
eellnlose;  1,  2  or  several  flagella  extend  from  one  end  of  the  body, 
usually  the  forward;  in  the  Choanoflagellida,  however,  the  single  flagel- 
Inm  is  at  the  hinder  end  and  is  surrounded  at  its  base  by  a  collar:  8 
orders,  in  which  are  included  the  great  majority  of  flagellates,  very 
many  oontaining  chromatophores  and  being  apparently  aUied  to  plants. 

Key  to  the  orders  of  Flagellidia: 

Hi  Body  colorless,  often  more  or  less  amceboid,  and  with  one  or  more  flagella. 
hi  Body  spiral  with  or  without  flagellunit  and  more  or  less  like  bacteria. 

1.   SnaOCHETIDA 

ftfe  Body  not  spiraL 

Ci  One  flagellum  with  collar  present 8.  Choanoflageluda 

c^  No  collar  present. 
di  Body  with  indistinct  cnticnla,  often  more  or  less  amoeboid. 

Ci  Body  elongate  with  nadulating  membrane 5.  Tstpanosoicahoa 

€a  No  nndnlative  membrane  present. 
/i  Two  or  more  flagella,  one  directed  forward,  the  other  trailed  behind. 

4.  Hetebomastioida 
/s  Flagella  always  directed  forward. 
ffi  One  or  two  flagella ;  body  usually  more  or  less  amcebold.  .2.  Monauida 

fft  Three  or  more  flagella 6.  Poltmastigida 

d^  Body  with  distinct  cnticnla 7.  Euolbnioa 

a.  Body  oanally  eitlier  yellow  or  green,  often  colonial. 

5i  Body  with  distinct  cuticula,  and  usually  solitary 7.  Eugleioua 

fts  Body  usually  with  a  hyaline,  gelatinous  or  cellulose  house ;  colonial. 

8.  Phttoflaoeixida 
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Obdeb  1.    SPntOOHETZDA. 

Body  elongate,  spiral,  with  or  without  an  undulating  membrane; 
flagellum  very  short  or  absent;  nucleus  diffuse:  1  family. 

Family  8PIB0CHETIDAE. 

With  the  characters  of  the  order:  3  genera. 
1.  Spz&oohsta  Ehrenberg.    Undulating  membrane  but 
no  flagellum  present:  about  a  dozen  species; 
mostly  parasitic. 

8.  balbianii  (Certes)  (Fig.  20).  Length  .02 
to  .18  mm.;  broad  membrane  present;  ends 
rounded:  in  the  digestive  tract  of  the  oyster, 
often  in  the  crystalline  style. 

8.    pUcatilis    Ehr.     (Fig.    21). 
Length    .08    to    .2    mm.;    narrow 
membrane  present;  ends  rounded: 
in  stagnant  water. 
FuT^-snirooZltH-      2.  Teepokema  Schaudinn.    Fla.       Fij^ 
Fig.  2?^feU-  piKH.  fi^^Uum   but   no   undulating  mem-     ^ffiT 
HUB  (Dofleiii).  brane  present:  about  8  species.  (i>oflein). 

T.  pallidum  Schaudinn  (Fig.  22).  Body  cylindrical,  without 
membrane,  .015  mm.  long;  ends  tapering,  ending  each  in  a  fine  flagellum: 
in  syphilitic  lesions. 

Order  2.    MONADIDA. 

Body  usually  without  shell  and  more  or  less  amoeboid,  with  1  or  2 
large  flagella  at  the  forward  end  and  often  1  or  more  secondary  flagella ; 
no  mouth :  5  families. 

K^  to  the  families  of  Monadida  here  described : 

Oi  Pseadopodia  present   1.  Rhizomashgidak 

Os  Pseodopodia  absent. 
&i  One  flagellom  present. 

Oi  Body  not  in  a  cup 2.  Ceroomonaoidab 

Ct  Body  in  a  cup 3.  Godoneoidae 

5t  Two  flagella  present 4.  Hetebomonaoidab 

Family  1.    BHIZOMASTIGIDAE. 

Simple  forms  without  mouth  and  with  1  or  2  flagella;  occasionally 
with  either  lobose  pseudopodia  like  a  rhizopod  or  stiff  radial  ones  like 
a  heliozoan;  food  taken  at  any  part  of  the  body:  6  genera. 

MASTZGAicaBA  F.  E.  Schulze.  Body  irregular  in  form  with  several 
pseudopodia  which  disappear  when  the  animal  swims,  and  one  long 
flagellum:  6  speeies;  in  fresh  and  salt  water. 
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IL  yermcosa  Kent  (Fig.  23).  Length  about  .015  huil;  many  short 
psendopodia:  in  fresh  water. 

M.   simplex   Calkins.    Eetosare   and   entosarc   distinct;   flagellum 

eonverted  into  a  pseudopodium;  length  .01  mm.:  marine,  on  decaying 

algaa 

Family  2.    CEBCOMONADIDAE. 

Body  oval  or  elongate,  frequently  amoeboid,  especially  at  hinder 
end;  with  pseudoix>dia  and  with  a  long  flagellum:  5  genera. 

1.  Obsooxovas  Dujardin.  Form  more  or  less  spindle-shaped,  pro- 
longed posteriorly:  3  species;  in  fresh  water. 

0.  longicauda  Duj.    Tail  long;  length  up  to  .05  mm. 


Fig.  28  Fig.  24  Fig.  25 

Fig.  23 — Maatigamaba  verrucoaa   (CalkinB).     Fig.  24 — Herpetomo%a9  mtttoae 
dow^eBtioae  (DofleiD).    Fig.  25— Codoneoo  ^rocilia  (Calkins). 

2.  HssFETOXOVAg  Kent.  Body  elongate,  very  flexible;  hinder  end 
often  the  more  attenuate,  but  not  forming  a  caudal  filament:  several 
species;  parasitic  in  insects. 

H.  mnscae  domesticae  (Burnett)  (Fig.  24).  Length  .05  mm.:  in 
intestine  of  the  house-fly;  common. 

3.  OlKOXOVAS  Kent.  Form  spherical  or  oyal;  frequently  a  pro- 
jecting lip  at  base  of  flagellum;  sometimes  attached  by  a  terminal  fila- 
ment :  several  species  in  fresh  and  salt  water,  often  in  infusions. 

O.  termo  (Ehrenbeig).  Length  .06  mm.:  often  very  common  in 
fresh  water. 

Family  3.    GODONEGIDAE. 

Body  enclosed  in  a  gelatinous  or  hyaline  cup: '2  genera. 

OODOVSOA  Clark.  Ovoid  or  goblet-shaped,  and  attached  to  a  caudal 
stalk;  animal  does  not  fill  cup:  3  species;  in  fresh  and  salt  water. 

0.  gracilis  Calkins  (Fig.  25).  Cup  urn-shaped  with  a  distinct  neck; 
length  .021  mm.:  Woods  Hole. 

Family  4.    HETEBOMONADIDAE. 

One  or  2  accessory  flagella  present  besides  the  main  one;  often 
sessile  or  colonial,  the  animals  being  on  a  common  stalk:  3  genera. 
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Key  to  the  genera  of  Heteromanadidae: 

Ox  Solitary  forma  1.  Mowab 

Oa  Colonial  forma. 

hi  Common  stalk  branched  once  or  twice ;  on  Cyclops. .  2.  Cephalothamiottm 
ba  Common  stalk  much  branched 8.  Anthophtba 

1.  MovAS  Ehrenberg.    Body  spherical  or  ovatei  occaBionally  &8t- 
ened  by  a  thread-like  stalk;  2  flagella:  3  species;  in  fresh  water. 


Flg.26  Flg.27  na.28 

Flf.  26 — Monaa  eUmgata   (Conn).     Fig.  27 — Cephalothamnium  0999it09um   (Conn). 

Fig.  28— JfoiMWi^a  ovata  (Calkins). 

M.  alongata  (Stokes)  (Fig.  26).  Body  elongate;  hinder  end  tapera 
to  form  stalk;  length  .01  mm. 

2.  OxPKALOTEAifvnnc  Stein.  Body  ovate,  with  one  long  and  one 
short  flagellum;  animals  colonial  and  sessile,  the  stalk  branching  two 
or  three  times  and  several  individuals  being  grouped  at  the  end  of  each 
branch:  2  species;  in  fresh  water,  often  on  Cyclops, 

0.  caBspitosnm  (Kent)  (Fig.  27).  Body  with  obliquely  truncated 
anterior  end;  length  of  individual  .02  mm. 

3.  Ahthofkysa  Bory.  Body  as  in  above;  stalk  much  branched: 
1  species;  in  fresh  water. 

A.  vegetans  (0.  F.  Miiller).  Length  of  individual  .03  mm.,  of 
colony  .4  mm. 

Obdsb  3.    OHOAKOFLAGELUDA. 

Collar  flagellates.  Collar-like  ridge  surrounding  the  base  of  the 
single  flagellum  which  is  at  the  hinder  end  of  the  body  when  the  animal 
swims,  instead  of  at  the  forward  end  as  in  other  flagellates;  in  some 
forma  2  collars  are  present,  one  over  the  other:  2  families. 

Family  CBASPEDOMONADIDAE. 

Either  solitary  or  colonial  and  either  free-swimming  or  sessile  and 
often  enclosed  in  a  cup  or  a  gelatinous  envelope:  4  genera. 
Key  to  the  genera  of  Craspedomanadidae : 

Ox  Shell  wanting ;   animals  sessile  or  stalked. 

hi  Stalk  shorter  than  body  or  wanting 1.  MoRoaiQA 

ht  Stalk  long,  with  many  individoals  at  the  end 2.  CoDORoaiOA 

ht  Stalk  long,  branched  at  end 8.  Codonoolaj>ium 

Oa  Shell  present 4.  SALFmooBoa 
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1.  MovofizeA  Kent.  Small  colorless  forms,  solitary  and  o«i»u<7y 
attached  direetly  or  by  a  short  stalk:  9  species;  in  fresh  and  salt  water. 

M.  ovata  Kent  (Fig.  28).  Individual  ovate  or  spherical;  length  .08 
mm.:  in  fresh  and  salt  water. 

2.  OoDOVOSieA  Clark.  Shnilar  to  Mammga,  but  at  the  end  of  a 
stalk  and  solitary  or  colonial:  1  species. 

0.  botryfeis  Clark.  From  1  to  20  individuals  in  a  colony;  length  of 
individual  .08  mm.,  of  stalk  .014  mm. :  in  fresh  and  salt  water. 

8.  OoBOVOOLADiTTK  Stein.  like  Codonosiga,  but  the  stalk  brancheSi 
each  branch  bearing  an  individual:  4  species;  in  fresh  and  salt  water. 

0.  umbellatiun  Stein.  Number  of  branches  4  to  10,  which  some- 
times also  branch;  length  .03  mm.:  in  fresh  water. 

4.  8AL7niQ<B0A  Clark.  Solitary;  body  enclosed  in  a  shell,  usually 
cup-shaped,  which  is  directly  attached  at  base  or  at  the  end  of  a  short 
stalk:  about  27  species;  in  fresh  and  salt  water. 

8.  itdni  Kent.    Shell  cylindrical;  length  .02  mm.:  in  fresh  water. 

Obdeb  4.    HETEB01CA8TI0IDA. 

Two  or  more  flagella  present,  one  of  which  is  directed  forwards  and 
the  others  backwards,  during  locomotion;  no  shell  present;  animal 
colorless:  2  families. 

Faiolt  BODONIDAE. 

Small,  naked  forms  with  2  flagella  of  nearly  equal  length :  4  genera. 
Key  to  the  genera  of  Bodonidae  here  described: 

Oi  Flagella  spring  from  anterior  end. 

hx  Flagella  longer  than  body,  which  is  ovate 1.  Bono 

t,  Flagella  shorter  than  body,  which  is  elongate 2.  Phtlloiotus 

Ci  Flagella  spring  from  a  lateral  groove 3.  Oxtbbhis 


Fig.  29  Fig.  80  Fig.  31 

Fig.  29-— J?o<fo  ca%dain$  (Calkins).    V\g.  SO— PhuUomituB  amiflophaffut  (Conn). 

Fig.  81 — OmyrrhiB  marina  (Calkins). 

1.  BoBO  Ehrenberg.  Body  more  or  less  ovate,  often  amoeboid; 
antoior  end  pointed,  with  2  flagella  arising  from  a  slight  depression :  10 
gpeeies;  in  salt  and  fresh  water. 

B.  cavdalna  (Dujardin)  (Fig.  29).  Body  ovate,  often  amoeboid; 
ikgella  about  the  same  length;  length  .018  mm« 
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2.  FETLLOiaTxrB  stein.  Body  elongate  and  very  flexible,  with  2 
flagella  shorter  than  the  body:  1  species. 

P.  amylophagHB  Elebs  (Fig.  30).    Length  .018  mm.:  in  fresh  water. 

3.  OzTBBHZS  Dujardin.  Body  oval  with  pointed  hinder  end,  at 
side  of  which  is  a  deep  cavity  from  which  the  flagella  emerge:  1  species; 
marine. 

O.  marina  Dnj.  (Fig.  31).    Length  .04  mm.:  at  Woods  Hole. 

Obdeb  5.    TBTPAN080MATIDA. 

Body  elongate,  usually  pointed,  with  an  undulating  lateral  mem- 
brane and  1  or  2  flagella  which  arise  from  a  special  nucleus  (blepharo- 
plast)  and  accompany  the  membrane  as  a  lateral  chord:  1  family. 

Family  TBYPANOSOMIDAE. 

With  the  characters  of  the  order:  several  genera;  parasitic  in 
invertebrate  and  vertebrate  hosts  and  often  the  cause  of  deadly  diseases. 


Fig.  82  Big.  S3  Fig.  84 

Fig.  82 — Trypanosoma  gamhietue  ( Dofleln ) .    Fig.  33 — Trypanosoma  hruoH  ( Doflein ) . 

Fig.  34 — Hexamitua  inflatua  (Conn). 

Tbypahoboxa  Gruby.  But  1  flagellum  present:  over  60  species, 
which  are  parasites  of  the  blood  system  in  all  kinds  of  vertebrates  and 
are  also  found  in  the  intestine  of  various  blood-sucking  insects,  which 
in  many  cases  are  known  to  convey  the  parasite  to  the  vertebrate  host 
by  their  bite. 

T.  gambiense  Dutton  (Fig.  32).  The  cause  of  the  deadly  sleeping 
sickness  which  affects  man  in  western  and  central  Africa;  it  is  conveyed 
by  Glossina  palpalis,  a  tsetse  fly;  length  .03  mm. 

T.  bmcei  Plimmer  and  Bradford  (Fig.  33).  The  cause  of  nagana,  a 
sickness  fatal  to  horses  and  cattle  and  other  animals  in  Africa  and  is 
conveyed  by  Glossina  morsitans,  a  tsetse  fly. 

T.  evansi  Steel.  The  cause  of  surra,*  a  fatal  disease  to  horses  and 
cattle  in  Africa,  Asia,  and  America  and  conveyed  by  horse  flies. 

Obdeb  6.    POLT]ll£ASTI(}IDA* 

Three  or  more  flagella  and  usually  several  mouth  openings  present; 
body  colorless  and  without  shell :  3  families. 

*  See  "Collected  Studies  on  the  Insect  Transmission  of  Trypanosoma  eyansi,'*  by 
M.  B.  Mittmain,  Bull.  94,  Hyg.  Lab.,  Wash.,  1014* 
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Family  DIBTOMIDAE. 

Flagella  in  two  symmetrical  groups,  with  a  month  at  the  base  of 
eaeh:  2  genera. 

HszAXZTVS  Dujardin.  Body  ovate,  with  2  to  4  flageUa  at  forward 
end  and  hinder  end  prolonged  into  2  thread-like  processes:  3  species;  in 
fresh  water,  also  parasitic  in  intestine  of  amphibians. 

H.  infiatiu  Duj.  (Fig.  34).  Posterior  processes  not  close  together; 
length  .027  mnu 

Obdbb  7.    EnOLENIDA. 

Large  forms  with  usually  a  distinct,  spirally  striped  cuticula; 
1  or  2  flagella  present  at  the  forward  end,  with  a  so-called 
phaiynz  at  their  base  and  a  contractile  vacuole  opening  into  the 
pharynx;  frequently  colonial  and  usually  colored  by  chromatophores 
in  which  1  or  more  deeply  staining  bodies,  the  pyrenoids,  may  be 
present;  paramylum,  a  substance  allied  to  starch,  also  usually  present: 
3  families. 

Key  to  the  families  of  Euglenida: 

«,  Ghlorophyll  usually  present 1.  Evgleridae 

Os  Chlorophyll  absent. 

hi  Without  distinct  month ;   saprophytic 2.  Abtashdak 

t.  With  distinct  mouth ;  holoosoic 3.  Pabanehidax 

Family  1.    EUGLENIDAE. 

Body  spindle  or  pear-shaped  with  usually  a  single  flagellum;  chloro- 
phyll, pyrenoids,  and  paramylum  and  an  eye-spot  almost  invariably 
present;  contractile  vacuole  or  vacuoles  open  into  a  reservoir  which 
opens  into  the  pharynx;  nutrition  mostly  holophytic,  in  some  cases 
saprophytic:  6  genera. 

Key  to  the  genera  of  Euglenidae: 

«,  With  one  flagellum. 
&i  Cuticula  elastic,  animals  more  or  less  plastic. 
Ci  Animal  not  in  a  shell. 

di  Animal  free-swimming   1.  Buoleita 

^  Usually  attached  to  other  animals 2.  Colacium 

e^  Animal  in  a  shell 3.  Tsachelohonas 

ft,  Cuticula  not  elastic  and  animal  not  plastic. 

Cx  Chromatophores  disc-shaped    4.  Phacus 

Ct  Chromatophores  in  two  longitudinal  bands 5.  Cbtftogusna 

o.  With  two  flagella 6.  Eutkeptia 

1.  EiTGLEirA  Ehrenberg.  Large  spindle-shaped  flagellates  with 
spirally  marked  cuticula;  1  flagellum,  at  the  base  of  which  are  the 
phaiynx,  eye-spot,  and  contractile  vacuole;  color  usually,  green  or 
red,  a  few  being  colorless;  species  numerous;  in  fresh  and  brackish 
water. 


E.  Tiridis  Ehr.  (Fig.  35).  Length  .1  mm.  or  lau;  bod;  lentioaUr: 
often  very  common  in  pooh,  wb-ch  it  may  eolor  green. 

E.  Ktu  Ehr.    Bod;  very  long,  even  filiform,  pointed  behind ;  length 

E.  dH6i  Ehr.  Body  elongate,  ,2  mm.  long,  with  nearly 
parallel  sidee:  common. 

2.  OolaOHTM  Ehrenberg.  Like  Euglena,  but  nsoally 
attached  by  a  abort  stalk  at  the  forward  end  to  small  ani- 
mals; flagellum  present  in  free^ewimming  conditicm,  but 
nsoallj  not  present  when  attached:  3  species;  in  fresh  water. 

0.  Bteini  Kent.     On  Diaptomua;  length  .04  Ttim. 

3.  TKAOBZLOlfOVAS*  Ehrenberg.  Like  Euglena,  except 
the  animal  has  a  brown  or  colorless  shell:  nnmerons  species; 
in  fresh  and  salt  water. 

T,  lagenella  Stein.  Shell  ovoid  or  cylindrical  and 
smooth;  length  .03  mm. 

T.  hlspida   (Ferty).    Shell  ovoid,  covered  with  spines 
_.  '  ,       and  usually  dark  brown  in  eolor;  length  .03  mm. 
Suffieiut  I-  umata  Ehr.   (Fig.  36).     Shell  brown,  punctate;    2 

(Dofleia),     '**^B  '^^  spines  aroond  aperture  and  spines  often  around 
posterior  end ;    length  .04. 
4.  Phaoits    KitzBch.    Body    somewhat    asymmetrical,    flattened    or 
pear-shaped,  with  spiral  strips;  hinder  end  spine-like;  chromatophoreB 
disc-shaped:  6  species;  in  fresh  water. 

P.    pymm    (Ehrenbeig)     (Fig.    37). 
Body  top-shaped;    length    .03    mm. 

P.     losgicandns     Dujardin.     Hinder 
spine  very  long;  length  .08  mm. 

G.  Obtttoqliva    Efarenbei^.     Body 

oval,  rigid,  with  2  lateral  green  chromato- 

,1  .    1  ■  Flg.M  nt-ST 

phoree  and  an  eye-spot :  1  species.  ^^  ^^  _  r^^^o-Hm^  ^rmatt 

0.  pigra  Ehr.    Lei^h  .015  mm,:   in        (Palmer),    f^bt— phoon* 
fresh  water, 

6.  EVTBEPTU  Pert;.  Like  Euglena,  but  with  2  flagella ;  body  very 
flexible;  chromatopbores  disc-shaped:  1  species. 

E.  Tirldifl  Ferty.    Length  .05  mm.:  in  fresh  water. 
Family  2.    A8TASIIDAE. 

Elongated,  colorless,  more  or  less  amtsboid  flagellates  withoat  eye- 
spot  and  nsaallj  with  striped  membrane;  sometimes  with  an  aceeasoiy 
flagellom:  6  genera. 

•  8es  "Delaware  Vslley  Forma  o{  Tnichelomopaj,"  bj  T.  C,  FslDer,  Ptoc.  Acad, 
Nut,  sd.,  iwa. 
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Key  to  the  genera  of  Aatasiidae  here  described : 

«!  Body  yery  flexible 1.  Astasia 

«s  Body  rigid,  aickle-shaped 2.  Mbnoidium 

1.  Astasia  Ehrenberg.  Body  spindle-shaped;  very 
plastie,  with  striped  cnticuhi:  2  species;  in  fresh  and  salt 
water. 

A.  eontorta  Dojardin  (Fig.  38).  Length  .06  mm.: 
in  decaying  vegetation. 

2.  IfEVOiDnni  Perty.  Body  elongate  and  more  or 
leas  benty  and  rigid;  cntienlar  stripes  longitudinal:  1 
species. 

]£   poUnddnm  Perty.     Length   .08   mm.:   in   fresh 

water.  rif .  88 

Family  3.    PEBANEMIDAE.  AMtatia 

eontorta 

Body  nsnally  cylindrical  or  ovate,  plastic  or  rigid,       ^  ^      ^'' 
and  covered  by  a  striped  cuticula;   1  or  2  flagella  present,  at  the 
base    of    which    is    a    distinct    mouth;    no    chlorophyll    present:    14 
genera. 

Key  to  the  genera  of  Peranemidae  here  described: 

Oi  Body  plastic 

hi  Body  elongate,  attenuated  forward 1.  Pebarkua 

1^  Body  bottle-shaped  2.  Ubcbolus 

«s  Body  rigid ;  two  flagella. 

&i  Pharynx  not  deep 8.  AmsoNEUA 

h^  Pharynx  very  deep 4.  Entosiphon 

1.  PsKAVEXA  Dujardin.  Body  tapers  from  behind 
forward  and  very  plastic,  with  a  spirally  striated  cuticula 
and  a  single  flagellum,  the  tip  of  which  vibrates  when  the 
animal  moves:  1  species. 

P.  trichophomm  (Ehrenberg)  (Fig.  39).  Length  .08 
mm.:  in  fresh  water. 

2.  Uboeoltts  Mereschkowski.    Body  spherical  or  ovate 
with  a  neck  from  which  the  flagellum  emerges : 
1  species. 

U.  cydostomns  (Stein).    Length  .03  mm.: 
in  firesh  water. 
j^  ^  3.  AnsoHSXA  Dujardin.    Body  ovate  and 

Peranema      compressed    with    striated    cuticula    and    a     „  .  ^^%^ 
(«nn)7      lateral  groove;  2  flagella,  1  of  which  trails      '^^""^^^ 
behind:  3  species;  in  fresh  and  salt  water. 
A.  Titreom  Duj.    Body  transparent  and  with  longitudinal  furrows; 
length  .05  mm. 
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4.  EvTOSiPEOV  stein.  Body  ovate,  with  2  flagella  of  nearly  equal 
length,  one  of  which  trails  behind,  a  deep  ventral  furrow  and  a  veiy 
deep  pharynx:  2  species. 

E.  snlcatnm  St  (Fig.  40).    Length  .02  mm. :  in  fresh  and  salt  water. 

Order  8. 


Flagellates  which  include  most  of  those  forms  with  holophytie  or 
saprophytic  nutrition,  and  are  often  classed  as  plants;  most  of  them 
are  enclosed  in  a  cellulose  shell  or  jelly;  yellow,  green  or  brown  chro- 
matophores  usually  present ;  very  many  are  colonial :  4  suborders. 

Key  to  the  suborders  of  Phytoflagellida  here  described : 

Oi  Yellow  chromatophores  usually  present 1.  Chromomonadiiia 

Ot  Green  chromatophores  usually  present. 

bi  Mostly  non-colonial ;  2  or  4  flagella 2.  Ohlamtdomoitadina 

5a  Colonial ;  2  flagella 3.  VOLVOOnfA 

Suborder  1.    CHROMOMONADINA. 

Flagellates  with  a  delicate  euticula  and  often  somewhat  amoeboid, 
which  are  nsnally  enclosed  in  a  shell  or  jelly,  and  are  often  colonial; 
yellowish  or  bluish  chromatophores  and  1  or  2  flagella  present:  2 
families. 

Key  to  the  families  of  Chromomonadina: 

Oi  Color  yellowish ;  no  pharynx  present 1.  Chbtsomonadidab 

Os  Color  blue,  green  or  brown,  or  colorless ;  deep  pharynx  present. 

2.  Crtftomonadidab 

Family  1.    CHBYSOMONADIDAE. 

Body  usually  with  a  shell  or  in  a  jelly,  with  1  or  2  flagella  and  always 
with  1  or  2  yellowish  chromatophores,  and  with  or  without  eye-spots; 
nutrition  usually  holophjrtic:  15  genera. 

Key  to  the  genera  of  Chrysomonadidae  here  described : 

Hi  Body  in  a  shell  which  it  does  not  fill 1.  DiROBETON 

Ot  Body  in  a  shell  which  fits  it  closely. 

It  One  flagellum 2.  BIalloiconas 

5.  Two  flagella. 

Oi  Flagella  of  equal  length 3.  Stnxtba 

0^  One  flagellum  long,  one  short ;  colonial 4.  Uboolena 

1.  DnroBBTOV  Ehrenberg.  Free-swimming  branched  colonies,  each 
individual  of  which  is  in  a  transparent  cup-shaped  shell  which  springs 
from  just  inside  the  opening  of  the  shell  next  behind  it;  2  flagella  of 
unequal  length,  1  or  2  yellowish  or  brownish  chromatophores,  and  an 
eye-spot  present:  3  species;  in  fresh  water. 
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D.  BCrtnlula  Ehr.  (Fig.  41).  Shell  ,04  mm.  long:  in  freeh  water, 
often  in  great  quantities;  sometimes  fouts  the  water  in  reservoirs  and 
poais, 

2.  Halloxosab*  Perty.  Free-swimming  and  solitary,  with  closely 
fitting  reticulated  oval  shell  bearing  long  spines;  2  yellowish  chromato- 
phoree;  without  eye-spot;  1  fli^Ilom:  several  species  in  fresh  water, 
wbieh  may  prodaee  an  odor  and  injure  water  supplies. 

H.  punctifan  (Ehrenberg).     Spines  all  over  shell;  length  .035  nmi. 

3.  Byvwl  Ehrenberg.  Swimming  spherical  colonies  of  about  50 
radially  arranged  individuals;  each  individual  with  2  flagella,  2  brown 
ehromatophores,  eye-spots  and  sometimes  spinose:  1  species. 

B.  nrelU  Ehr.  (Fig.  42).  Length  of  individual  .03  mm.:  in  fresh 
water. 

1.  Ukoqlxva  Ehrenbei^.  Swimming  spherieal  colonies  composed 
of  many  individuals  in  a  jelly;  individual  pear-shaped,  with  2  nnequol 


flagella,  2  yellow  ehromatophores,  and  an  eye-spot:  2  species;  in  fresh 
water. 

V.  amarlcana  Calkins  (Fig.  43).  Length  of  individual  .006  mm.: 
the  eaose  of  the  fishy  taste  of  the  water  in  some  reservoirs. 

FiinLT  2.    CETPTOMONADIDAE. 

Body  with  a  firm  cutieula  and  not  amoeboid ;  2  equally  long  flagella, 
•t  the  base  of  which  is  a  long  pharynx  extending  to  the  middle  of  the 
body;  2  ehromatophores  present  or  absent:  3  genera. 

Key  to  the  genera  of  Cryptomonadidae : 
e,  Wlthont  cbromatopliores. 
h,  Arowofhisblr  refractive  bodies  in  forward  part  ofbod7..-l-  Ctathouokas 

6,  Withont  each  bodies 2.  CRii/>uoiTAa 

«,  With  cbromatopfaores 3.  CRTFiauORAa 

J  G.  C.  Whipple  aad 
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1.  Oyatkomohas  Fromentel.  Body  colorless,  ovoid,  flattened,  with 
obliquely  truncated  forward  end,  with  2  flagella  of  nearly  equal  length; 
parallel  with  the  anterior  border  is  a  row  of  highly  retractile  bodies: 
1  species. 

0.  tnmcata  (Fresenius)  (Fig.  44).  Length  .023  mm.:  in  fresh 
water  and  infusions. 

2.  Ohzlomohas  Ehrenberg.  Body  colorless,  oval,  compressed;  for- 
ward end  obliquely  notched,  with  two  equally  long  flagella:  2  species; 
in  fresh  water  and  infusions. 


# 


F\g.  44  Fig.  45  F\g,  46 

Big.  44 — Cyathomonas  trunoata  (Conn).     Fig.  45 — ChUomonas  Paramecium  (Conn). 

Fig.  46 — Chlamydomonas  pulvUculua  (Conn). 

G.  Paramecium  Ehr.  (Fig.  45).  Body  ellipsoid;  length  .03  mm.: 
very  common. 

8.  Obyptomovas  Ehrenberg.  Like  Chilomonas,  but  with  2  green  or 
brown  chromatophores :  2  species;  in  fresh  and  salt  water. 

G.  ovata  Ehr.  Length  .03  mm.:  in  fresh  water,  to  which  it  nouty 
give  a  fishy  taste. 

Suborder  2.    CHLAMYDOMONADINA. 

Body  green  in  color  with  2  or  4  flagella  and  usually  a  firm  cuticula 
or  shell  within  which  division  takes  place:  2  families. 

Family  GHLAMYDOMONADIDAE. 

Cuticula  very  delicate  with  no  large  pores:  7  genera. 

1.  Ghlamydoxovas*  Ehrenberg.  Body  spherical  to  ^Undrical 
with  2  flagella  and  an  eye-spot,  a  delicate  shell,  prominent  chromato- 
phores  and  2  contractile  vacuoles:  about  6  species;  in  fresh  water. 

G.  pulviscnlus  Ehr.  (Fig.  46).  Body  spherical,  about  .02  mm.  in 
diameter:  in  fresh  water,  to  which  it  gives  an  oily  flavor. 

2.  8P0]n>YL0X0Binc  Ehrenberg.  Colony  of  16  cells  in  4  alternating 
rows,  each  cell  with  4  flagella:  1  species. 

8.  quatemarium  Ehr.    Diameter  of  colony  .05  mm. :  in  fresh  water. 

3.  PoLYTOMA  Ehrenberg.  Body  ellipsoid  with  a  delicate  shell  and 
2  flagella,  colorless,  occasionally  with  an  eye-spot;  2  contractile  vacuoles; 

*  Bee  "Chlamydomonas  and  Its  Effect  on  Water  Supplies,"  by  O.  G.  Wbipple, 
Trans.  Am.  Micro.  Soc,  YoL  21,  p.  97,  lOOa 
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reproduction  by  division  into  4  or  8  cells,  which  remain  in  the  shell  and 
then  become  free:  2  species. 

P.  uveUiun  Ehr.  (Fig.  47).    Length  .02  mm. :  in 
fresh  water. 


SuBOBDEB  3.    VOLVOCINA. 


fi^ 


Colonial   flagellates,   the   individual    cells   of  uveiium  (Codd). 

which  have  each  2  flagella,  an  eye-spot  and  green 
chromatophores,  and  are  imbedded  in  a  common  cellulose  jelly;  repro- 
duction sexual  and  asexual:  7  genera,  all  represented  in  America;  in 
fresh  water. 

Key  to  the  genera  of  Volvocma: 

Oi  Colony  in  form  of  a  plate. 
&i  Flagella  on  one  side  only  of  colony. 

Ci  Colony  squarish 1.  GoNiUM 

c.  Colony  round  with  a  spheroid  envelope 2.  Stephanosphjeba 

bt  Flagella  on  both  sides 5.  Plattdokiita 

o.  Colony  spherical  or  ellipBoidal. 
hi  Colony  microBcopic. 

Cx  Cells  crowded,  reaching  center  of  colony 3.  Pandobina 

Ct  Cells  not  thus  crowded. 

d^  Cells  aUke  in  size 4.  Eudobina 

dt  Anterior  cells  small,  posterior  ones  large 6.  Pudodobina 

(t  Colony  not  microscopic  and  composed  of  a  large  number  of  cells. .  .7.  Yolvox 

1.  Gomnc  0.  F.  MuUer.    Colony  of  few  and  similar  individuals 

forming  a  squarish  plate  with  the  flagella  on  one 

\    \^  ^  face  only;  asexual  reproduction  by  repeated  divi- 

sion of  all  the  cells,  each  forming  a  new  colony; 
sexual  reproduction  the  result  of  the  conjugation 
of  pairs  of  similar  individuals,  the  zygotes  thus 
formed,  after  a  resting  stage,  each  developing  into 
a  colony:  2  species,  1  American;  in  fresh  water. 
Pig,  48  G.  pectorals  0.  F.  Mill.   (Fig.  48).    Colony 

OonfoMoeotorole  consists  of  16   cells   and   .06  mm.   in   diameter: 

(DolieiB).  _.. 

cosmopolitan. 

2.  BnPHAVOBPHiBEA  Cohn.  Colony  consisting  of  4  or  8  cells  ar- 
ranged in  a  ring  which  is  surrounded  by  a  large  rounded  envelope  of 
which  the  ceUs  form  the  equator;  reproduction  as  in  Gonium:  1  species. 

S.  plnvialis  Cohn.    Envelopes  up  to  .06  mm.  in  diameter. 

S.  Pasdobxva  Bory  de  Vincent.  Colony  more  or  less  spherical, 
composed  of  16  or  32  crowded  cells  which  reach  the  center  and  are  sur- 
rounded by  a  lamellate  envelope;  reproduction  as  in  Gonium,  except  that 
the  conjugating  cells  may  differ  slightly  in  size :  1  species. 
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P.  momm  Boiy.   (F^.  49).     Colony  up  to  .09  mm.  in  diameter: 
cosmopolitftQ. 

4.  Edsobdta  Ehrenberg.  Colony  more  or  Ims  Bpherical,  eomposed 
usually  of  32  (occasionally  of  16  or  64  cells)  which  aie 
not  close  together  and  do  not  reach  the  center,  and 
are  BuiTonnded  by  an  envelope;  aseznal  reproduction 
as  in  Gonhun;  at  certain  times  sexual  colonies  appear, 
the  female  being  like  the  ordinary  colony,  the  male 
eoloay  consisting  of  long,  spindle-like  cells  which  be- 
come free  and  unite  with  the  female  cells  forming  the 
Fig.  48  zygotes :  2  species. 

PntdoHnoMorMM  E.  elltfana  Ehr.  (Fig.  50).    Colony  about  .15  mm. 

in  diameter:  cosmopolitan. 
6.  PUTTSOBlHa*  Kofoid.     Colony  flattened,  horse ahoe-sbaped,  com- 
posed of  16  or  32  cells  with  the  flagella  on  both  faces  on  alternate  cells 
which  are  alike;  asexual  reproduction  as  in  Gonium;  sexual  reproduction 
not  observed :  1  species. 

P.  caudata  Kofoid  (Fig.  51).    Colony  about  .15  mm.  long  and  J.3 
nun.  wide ;  posterior  end  of  envelope  with  3  or  5  tails :  niinois. 


Fix,  00 — KudoHfM  tlegatu  (Jordan  aod  Kelliu.,.     . ._ -  -.. .. 

(Eotoid).     Fli.  S2 — Pleoiorina  itiiiuiiiautt   (Kotold). 

6.  Plxosoxixa  Shaw.  Colony  more  or  less  spherical,  composed  of 
16  to  128  cells,  certain  of  which  are  reproductive  and  the  rest  vegeta- 
tive, the  former  being  twice  the  aixe  of  the  latter,  and  posterior  in 
position;  asexual  reproduction  ss  in  Goftium;  sexual  reproduction  not 
observed;  2  species;  both  in  America. 

P.  calif omlca  Shaw.  Cells  64  or  128,  half  of  which  are  vegetative: 
California. 

P.  illlnoiaanaiBt  Kofoid  (Fig.  52).  Cells  32,  rarely  16  or  64,  4  of 
which  are  v^etative,  .12  mm.  in  diameter:  Dlinois. 

•  See  "On  PUtjdorlnt,"  etc.,  by  C.  A.  Kototd,  Boll.  111.  St.  Lab^  Vol.  8, 
p.   419,   1809. 

t  See  "On  Pleodorlna  IIUiioIkdiIb."  etc.,  b;  C.  A.  Kotold,  IlL  8L  l^h., 
ToL  &,  p.  273,  1B98. 
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7.  ToiTOX'  L.     Colony  fonoa  a  hollow  Bphere  of  lai^  size  &nd 
eompoeed  of  htindreda  or  tbousaude  of  colls  eonneeted  by  protoplosmia 
threads,  and  not  differing  in  eize;   aeezoal  reproduction  by  ao-ealled 
parthenogonidia  which  are  eella  in  the  center  of  the  colony  (1  to  9  in 
nomber),  whieh  form  there  by  repeated  diviaion  dangbter-eolonies;  at 
certain  times  sexual  cells  appear,  the  androgonidia  and  gynogonidia, 
whieh  retire  to  the  eenter  of  the  eolony  where 
the   latter   are   fertiUzed    by    the    former   and 
after  a  resting  period  the  zygotes  develop  into 
new   eolonies:   several   species;    in   aU   parts  of 
the  world. 

V.  flobator  L.  (Fig.  53).    Colony  of  1,500  to 

22J)00  cells  and  up  to  1.2  mm.  in  diameter;  pro-  „    . 

'                            ^                                            '  *^  Fig.  Bs—Tolmm 

toplasmic  threads  may  contain  chromatophores :  rSh^'T 
cosmopolitan. 

T.  aureus  Ehrenberg  {F.  minor  Stein).  Colony  of  200  to  4,000 
cells  and  np  to  .85  mm.  in  diameter;  protoplasmic  threads  contain  no 
chromatophores :  cosmopolitan. 


SoBCfLAS8  2.    DINOPLAGELLIDIA.t 

Flagellates  in  most  cases  with  a  shell,  around  the  equator  of  whieh 
is  a  transverse  groove  in  which  lies  a  flagellum;  a  second  Sagellum  ia 
also  in  moat  eases  present,  which  may  spring  from  a  second  and  vertical 
groove;  body  aometimes  colored  by  chromatophores:  3  orders. 

Key  to  the  orders  of  DinofiageUidia  here  described : 


Obdkr  1.    ADINIDA. 

Body  without  groove ;  2  flagetla  at  the  forward  end ;  shell  composed 
of  a  right  and  a  left  half:  2  genera. 

1.  ExUTlBLLa  Cienlcowsky.  Body  ovoid,  shells  compressed  and 
composed  of  right  and  left  valves;  2  brown  chromatophores  present:  6 
species;  marine. 

•  See  "New  Forma  of  Volvol,"  by  J.  H-  Powert.  Tr&na.  Am,  Mlc.  Bgc,  VoL  27, 
p.  133-  "Uxbt  RcactloBi  Id  Lower  OrKSDlsmi — II  Tolvoi,"  by  S.  O.  Hut,  Joor. 
Comp.  Near,  uid  Far.,  VoL  IT,  p.  98,  1807.     "Le  VoItdi,"  hj  C.  Janet,  19)2. 

'  t  8«c  "New  Speciei  of  DtDodKcellatei,"  bj  C.  A.  Kofold.  BulL  Una.  Com.  ZooL, 
ToL  BO,  p.  1«3,  1»0T.  "DlboDaKelUU  of  tbe  San  Dleso  RealoD,"  ";  same,  Uai*.  of 
CaL  Peb.  Zool.,  VoL  3,  p.  209,  190T, 


E.  lllii*  (Ehrenbei^)  (Fig.  54).  Anterior  border  of  botb  Bhelli 
slightly  indented;  length  .04  mm.;  slow  of  movement:  at  Woods  Hole. 

Odder  2.    DIHXFEKEDA. 

Two  grooves  present,  &  transverM  and  a  longitudinal :  2  families. 

Key  to  the  families  of  Dintferida: 

a,  TraoBTerse  groove  near  middle  of  body 1.  PEBmmnuc 

Oi  TraiuveTBe  groove  above  the  middle 2.  DiKOPHTsmAa 

Fauct  1.    PEBIDINIDAZ. 
Transverse  groove  medinm;  longitndiual  groove  short;  shell,  when 
present,  composed  of  plates  or  not;    plates  either  equatorial   (bordering 
the  transverse  furrow),  apical,  or  antiapical,  while  a  rhombic  plate  may 
extend  from  the  transverse  furrow  to  the  apex:  about  4  genera. 

Key  to  the  genera  of  Peridinidae: 
a,  With  HhelL 
bi  BetiiMilar  markings  on  shell. 
0,  Anterior  part  of  shell  with  7  equatorUl  and  1  rhombic  plates. 

I.  PaamiiinTK 
c.  Anterior  part  of  ^lell  with  3  equatorial  and  no  rhombic  plates. 

2.  Cebatidu 

h.  No  markings  on  shell 3.  OuiroDiNiuii 

0.  Without  shell 4.  OYuifODiniuu 

1.  PiRlDDmnf*  Ehrenberg.     Body  globular  or  elongate;  shell  with 

distinct  transverse  groove,  which   may  be   spiral  and  with  about  20 

plates:  9  speeies,  fresh  and  salt  water;   many  species  are  reddish  in 

color  and  may  be  in  sufficient  numbers  to  color  the  sea. 

P.  digitals  Pouohet   (Fig.  55).     Shell  with  large 

pits    and    with    oblique    furrow,    1    posterior    and    2 

anterior  spines;  length  ,06  mm.:  Woods 

Hole;  marine;  common. 

P.  dirergens  Ehr.    Shell  spherical, 
tapering  posteriorly,  with  2  large  spines 
anteriorly ;  length  .07  nam. :  Woods  Hole ; 
I  marine;  common. 

8.  OxBATrnf     Schrank.      Body     a 

flattened  sphere  with  3  long  projections ; 

Fig.  M — Bxu^l^tlta  transverse  groove  either  spiral  or  cir- 

a»a  (C»!kln«).  ,         ,        .7  J'      1  „        •:, 

cular;  longitudmal  groove  nsoally  wide; 

shell  reticulate  or  striped  and  composed  of  10  plates;  color  nsnally  green 
or  brown:  nnmerous  species;  in  fresh  and  salt  water. 

*  See  "Fertdinlam  and  tbe  'Bed  Water'  In  Nanasusett  Bay,"  bj  A.  D.  Head, 
Sd.  N,  8.,  Vol,  8,  p.  707,  1898. 

f  See  "HatBttona  in  Ceratlam."  bj  C  A.  KoCold.  Ball.  Una.  Comp,  ZooL,  Vol.  5% 
p.  313,  i»og. 
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0.  tripos  Ehreube]^  (Fig.  56).    Body  triangralar  with  1  very  loDg 
and  2  short  enrred  projections;  length  .29  mm.:  Woods  Hole;  marine; 


0.  fuu  Ehr.  Animal  very  elongate,  dne  to  presence  of  2  long 
projoetions  in  the  same  line;  length  .28  mm.:  Woods  Hole;  marine; 
common. 

S.  OmtODunnii  Stein.    Small  globolar  forms  with  a  transverse 


r —  ^ 


ncse — Ctnttnut   triad*    (CalUm).      Via.  CT — ajmodititum  cOMpreiniw   (Cklkliu). 
Fig.  58 — OvmnodUifum  graollv   (CalklDi). 

groove  on  anterior  half  and  a  short  longitudinal  one;  shell  soft  and 
Btmeturelesa  and  without  markings:  6  species;  in  fresh  and  salt  water. 

0.  compressnm  Calkins  (Fig.  57).  Body  ovoid,  compressed,  with 
deep  tnmsverse  and  longitudinal  grooves;  hinder  end  often  pointed  and 
this  point  becomes  attached;  length  .04  mm.:  Woods  Hole. 

4.  QiKMOmxrnt  Ehrenberg.  Body  without  shell  and  spberioal, 
sometimes  pointed  or  flattened;  8  species;  in  fresh  and  salt  water, 

G.  gnctle  Bergh  (Fig.  58).  Transverse  groove  in  anterior  half; 
longitudinal  groove  long;  eolor  brown;  length  .06  mm.:  Woods  Hole; 
marine. 

Family  2.    DINOPHTSIDAE. 

Transverse  groove  near  upper  end  of  body,  its  edges  as  well  as  edge 
of  the  longitudinal  groove  being  usually  produced  into 
ehancteristie  ledges. 

1.  AMrEtSiHitnE  ClaparKde  and  Lachmsnn.  Body 
ovoid  and  flattened;  longitudinal  groove  eztendii^  from 
hinder  end  to  transverse  groove  near  forward  end;  shell 
absent;  eolor,  brown  or  green:  2  species;  in  fresh  and 
salt  water. 

A.  openmlataB  CI.  and  Lach.  (Fig.  69).  Length  .04 
mm.;  Woods  Hole. 

S11BCI.A88  3.    CYSTOFLAGELLIDIA. 
Uarine  flagellates  of  large  size  with  a  parencbymatons  protoplasm: 
several  genera. 
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NoOTZLiroA  Suriray.  Body  spherical  and  1  mm.  or  less  in  diameter, 
with  a  median  groove  in  which  lies  a  large  feeler  and  a  small  flagellom, 
as  well  as  the  month;  single  nudens  present;  reproduction  by  division 
and  by  spore-formation:  1  species;  marine. 

N.  miliaria  Sur.  In  the  Atlantic  and  Pacific  Oceans;  often  so  plen- 
tiful that  the  sea  is  colored  red  by  day  and  glows  by  night  with  an 
intense  phosphorescent  light. 

Class  3.    SPOBOZOA.* 

Parasitic  protozoans  which  live  in  the  cells,  tissues,  and  open  spaces 
of  other  animals.  The  body  is  usually  bounded  by  a  thick  cuticula;  it 
has  no  external  openings  or  contractile  or  gastric  vacuoles,  and  in  most 
cases  but  one  nucleus.  In  the  adult  condition  there  are  no  organs  of 
locomotion,  although  the  animals  have  often  the  power  of  sluggish 
movement.  Being  entoparasites,  all  Sporozoa  absorb  food  in  a  fluid 
or  gaseous  form  through  the  outer  surface  of  the  body.  Reproduction 
is  carried  on  through  the  medium  of  spore  formation,  which  usually 
follows  encystment,  the  reproductive  processes  being  in  many  forms 
veiy  complex.  Simple  division  does  not  occur.  The  Sporozoa  are  very 
widely  distributed,  living  as  parasites  in  every  class  of  animals  from 
Protozoa  to  Veriehrata:  they  are  often  the  cause  of  disease  both  in 
man  and  the  lower  animals.  The  class  contains  two  subclasses  and 
about  400  known  species,  besides  about  as  many  uncertain  species. 

Key  to  the  subclasses  of  Sporozoa: 

Ot  Sporoeoa  in  which  spore  formation  ends  the  individual  life,  inclading  the  great 
majority  of  the  class 1.  Telobfobidia 

Ot  Sporosoa  in  which  the  entire  cell  does  not  form  spores  but  sporocysts  are 
formed  during  life 2.  NBOBFoamiA 

Subclass  1.    TBLOSPORIDIA. 

In  these  Sporozoa  the  individual  life  ends  with  spore  formation^ 
the  entire  cell  forming  spores:  3  orders. 
Key  to  the  orders  of  Telosporidia: 

Ox  Parasitic  as  adults  in  the  open  spaces  and  organs  of  the  host.  .1.  Gbbgasinida. 

Oi  Parasitic  in  the  solid  tissues  and  not  the  open  spaces 2.  CocciDnnA 

Og  Parasitic  in  the  blood  of  vertebrates 3.  Rsmospobidiida 

Order  1.    GBEGASINIDA. 

Usually  elongate  Sporozoa  with  a  thick  cuticula  and  a  distinct 
nucleus;  life  history  includes  two  stages,  an  attached  stage,  when  the 
animals  are  known  as  cephalonts,  and  a  detached  and  sporulating  stage, 

•  See  "Spozosoa,"  by  A.  Labb6,  Das  Tierreich,  1899. 
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when  they  are  ealled  sporoiitB  and  live  in  the  open  Bpacea  of  the  oi^an 
to  the  mdls  of  which  the;  have  been  attached;  body  in  most  oaset 
made  n^^bf  two  or  three  parts  (Fig.  65),  the  epimerite  at  the  foirward 
end,  which  is  the  ot^an  of  attachment  of  the  cephaloat  aod  may  be 
dropped  1^  the  eporont,  and  the  body,  which  may  be  divided  by  a  septum 
into  the  dentomerite  which  forpis  the  bnik  of  the  body  and  contains  the 
nacleaa  and  the  protomerite  which  lies  between  it  and  the  epimerite: 
about  300  apeeiee  grouped  in  2  suborders. 
Key  to  the  suborders  of  Gregarinida : 
a,  Grecarinea  with  an  epimerite,  and  with  or  without  a  septum  betWMU  the 

dentomerite  and  protomerite 1.  Cephujna 

a,  Oregarinee  witbout  epimerite  and  conaiating  of  a  single  chamber, 

2.  Aoefbaiuta 
Suborder  1.    CEPKALINA. 

Gr^arines   possessing   an   epimerite    at 
some    stage   of   their   life    which    la    sunk 
into     the    walls    of    the    organs    of    the 
host  in  which  they  live;  body  nsaally  elon- 
gate, the  animals  being  often  in  associated 
couples    or    groups    arranged    tandem,    in 
which  case  the  first  individual  is  called  the 
primite   and   the   others  the   satellites:   in 
arthropods  as  adults,  especially  in  the  intes- 
tine of  myriapods,  beetle^  and   Orthoptera;  A  V 
10  families  and  about  100  species.                        ru^i^iS^TAriwV^"^- 
Key  to  the  families  of  Cephalina  here     !^.'S^h.':tL:i!&f'T^^ 
described:                                                             ^'  "P*"*- 

0,  Spore  more  or  less  ovoid 1.  GKBOAuniDAE 

a.  Spore  not  ovoid. 

b,  E!pimerite  aeymmetrica] 2.  Daottlophobid&k 

6,  Epimerite  sjmmetricaL 

c,  Spore  B;mmetrical,  animal  solitary 3.  Actinocethalidae 

«i  Spore  asymmetrical. 

d.  Spore  crescent-sliaped ;   animal  aolitary 4.  Hbnospobidab 

d.  Spore  OTotd  with  polar  thickening;  in  niarlne  annelids.  .B.  DouoCTSmiAa 

Familt  1.    GSEQABTNTDAE.* 
Individuals  either  associated,  forming  a  chain  with  a  septum  sep- 
arating each  two  individuals,  or  solitaiy;  epimerite  simple  and  sym- 
metrical: 8  genera  and  about  35  species. 

•  See  "Uit  at  the  Polycjstld  QresaHnei  of  the  United  Btatei,"  by  H.  Crawley, 
Prac.  Acad.  Nat.  Bel.,  Vol.  BS,  p.  41,  1903.  "The  PolycyBtld  QregarlDei  of  the  United 
Btatea,"  by  H.  Crawley,  aame,  p.  632.  "HoiemeotH  of  tbe  Oreearinea,"  Mine,  Vol.  ST, 
p.  S9.  "Stndy  of  Borne  QregarlDes,"  etc..  by  H.  C.  HatI,  Stnd.  from  Zool.  Lab.  Unlr. 
Neb.,  No.  TT.  1»07.  "The  Polycyatld  QreKarlnes  of  the  United  Statei,"  hy  H.  Cmwley, 
Proc  Acad.  Nat  BeL,  IWt.  p.  220. 
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Fig.  61 

Orepanrina 

aonetae- 

dbtHreviaiae 

(Crawley). 


Key  to  the  genera  of  Gregarinidae  here  described : 

Oi  Individnalfl  usually  associated 1.  QvaQAxaiA, 

Oi  Indiyidtiala  usually  solitary 2.  Stketophoka. 

1*  GsBOAUHA  Dufour.    Individuals  usually  associated;  epimeiite 
simple  and  small  but  varying  in  form,  being  conical  or  spherical;  cysts 

spherical  or  ovoid,  when  ripe  with  long  projections  called 
sporoducts  through  which  the  spores  emerge:  about  20 
species;  in  the  digestive  tract  of  insects. 

G.  blattanun  von  Siebold  (Fig.  60).  Body  elongate 
but  somewhat  irregular;  cyst  ovoid  with  long  sporo- 
ducts; length  about  .5  mm.:  in  the  intestine  of  the 
cockroach. 

G.  achetaa-abbreviataa  Leidy  (Fig.  61).  Deutomerite 
ellipsoidal  or  oval;  protomerite  hemispherical;  animala 
solitary  or  in  pairs;  length  .5  mm.:  in  the  common 
cricket. 

G.  melanopli  Crawley.  Protomerite  cubical  or  flat- 
tened; deutomerite  more  or  less  rectangular;  length  .37 
mm.:  in  intestine  of  the  grasshopper. 

G.  lociutae-carolinae  Leidy.  Protomerite  globular  on 
which  the  epimerite  appears  as  a  small  round  knob; 
deutomerite  globular;  length  .35  mm.:  in  intestine  of  the 
large  grasshopper,  Diasoateira  Carolina. 

2.  Stbhopkoba  Labb6.  Body  large,  ovoid  or  elongate; 
cyst  without  sporoducts;  protomerite  small:  4  species. 

8.  jnli  Frantzius   (Fig.  62).    With  the  characters  of  the  genus; 
protomerite  often  conical:  very  common  in  the  intestine  of  Julus. 


Fig.  62 
Sienophora 

(Crawley). 


Family  2.    DAGTTLOPHOBIDAE. 

Epimerite  asymmetrical  and  irregular,  with  digitiform  processes: 

5  genera. 

1.  EOHnroicsBA  Labb6  {Echinoeephalua  Schnei- 
der). Body  ovoid  and  massive;  epimerite  conical 
with  the  apex  excentric  and  varied  in  form: 
1  species. 

E.  hispida  (Schneider)  (Fig.  63).  Deutomerite 
eight  or  ten  times  as  long  as  the  other  two  divi- 
sions; animal  very  active:  common  in  gut  of 
Liihohiua, 

2.  Tbzokorhtmuuus  Schneider.    Protomerite  cylindrical  or  trun- 
cated with  a  long  rostrum:  1  species. 


Fig.  63        Fig.  64 

Fig.  63  —  Bohl- 
nomeraMapida  (from 
Broon).  Fig.  64 — 
Amphoroide$  fontO' 
viae  (Crawley). 
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T.  pulcher  Schneider.    In  the  intestine  of  Scutigera;  length  .07  mnu 

Familt  3.    ACTINOCEPHALIDAE. 

Solitary  animals  with  symmetrical  epimerite;  spores  symmetrical 
and  spindle-shaped:  17  genera  and  about  27  species. 

1.  AxFKOSOiDSB  Labb6.  Epimerite  simple  and  regular,  with  a 
conical  point;  protomerite  very  short  and  cup-like;  spores  biconical: 
2  species. 

A.  fontariae  Crawley  (Fig.  64).    Deutomerite  a  long  oval,  hinder 
end  being  always  blunt;   protomerite  circular  or  pen- 
tagonal;  length   .13  mm.:   in   diplopods  of  the  family 
Polydesmidae;  often  numerous. 

2.  Abtxkopkoba  linger.  Epimerite  mucronate  and 
elongate;  protomerite  usually  larger  than  the  deutom- 
erite: 3  species. 

A.  cratoparia  Crawley  (Fig.  65).    Deutomerite  lance- 
olate,  terminating   bluntly;    protomerite   round   with   a  Fig. 65 
conical  projection  in  front;  epimerite  small,  consisting  of  Aaterophora 
a  number  of  ribs;  length  .5  mm.:  in  curculionid  beetles.  (Crawley). 

Family  4.    MENOSPOBIDAE. 

Epimerite  large,  joined  by  a  long  neck  with  the 
protomerite;  spores  crescent-shaped:  2  genera. 

HoFLOBHTMUUua  Carus.  Animals  solitary;  elliptical 
in  shape;  epimerite  with  6  to  8  long  marginal  teeth: 
2  species. 

H.  actinotns  (Leidy)  (Fig.  66).  Deutomerite  conical 
with  a  pointed  hinder  end;  protomerite  small,  tending  to 

Haoiarhtm'        ^^^^^  ^*^  *^*  deutomerite;  epimerite  long,  with  a  large 
c9^tu  spreading  front  end;  length  .5  mm.:  in  8colopoerypiop$, 

(Cnwley).         a  diplopod. 

Familt  5.    DOLIOCYSTIDAE. 

Deutomerite  not  separate  from  protomerite:  spore  ovoid,  with  polar 
thickening:  1  genus. 

DoxJOOrarxB  L^ger.    With  the  characters  of  family:  6  species. 

D.  rhyncoboli  Crawley.  Deutomerite  long,  tapering  to  the  hinder 
end;  protomerite  and  epimerite  small:  in  the  intestine  of  Bhynchoholu$ 
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guBOBDEB  2.    ACEPHAUNA. 

No  epiin«rit«  present,  the  body  eDneisting  of  &  einglfl  ebanber; 
■pore  apindle-flhaped :  about  10  genera  and  numerous  species,  which  live 
prindpslly  in  the  body  cavity 
of  the  host  and  the  organs  con- 
nected with  it. 

HoMOOTBTU  Stein.  Body 
OToid  or  elongate,  sometimes 
with  long  cntieular  filaments; 
individnals  mostly  solitary: 
about  10  species. 
IIK.6T — lloHoov*tU  iBMbrlof  (from  BroDo),  „      i__i._i_]     /tt     i  \ 

A,  >iii<ie  tndiTidnai;  B,  a  spore;  H.    Inmbrlci    (Henle) 

^'  "  ""•  (ilf.  agilU  Stein)    (Pig.  67). 

Length  2  mm.:  in  intestine,  genital  organs  and  ocslam  of  the  earth- 
worm;  common. 

H.  GlymenallM*  Porter.    In  the  body  wall  of  ClymeHeUa  torquata. 

Oa>m  2.    OOOOISIUDA. 

Bpontea  of  apherioal  or  ovoid  shape  without  a  free  stag«,  whieh 
live  imbedded  in  the  solid  tissues  of  the  host,  usually  as  intracellnlar 
parasites;  reproduction  by  spomlation  with  an 
altematioa  or  generations:  5  families  and  70 
epeciea. 

EncCTTA  Sehneider  (Coceidum  Leuclcart). 
Cyst  ovoid,  eaeh  on  sporulation  forming  4  sporo- 
blasts,  each  of  which  produces  2  spores:  13 
species. 

B.  itlsdM  (Lindentann)  [E.  MititmU  Rivolta) 
(Fig.  68).     In  the  liver  and  other  oi^ane  of 
rabbits  and  other  animals,  also  in  the  human  liver;  length  of  oyat 
Maun. 

ObsbS.    KfHOSPORIDIIDA. 

SporoMoa  parasitio  in  the  blood  of  vertebrates,  with  or  without  a 
change  of  hosts;  reproduction  occurs  by  asexual  spore-formation  usually 
in  the  body  of  some  other  animal  where  conjugation  takes  place  fol- 
lowed by  pseudosexual  spore-formation :  about  4  genera. 

1.  Plabxoditk  UarchiafavR  and  Celli.  An  intra-oorpnscular  para- 
site in  mammalian  blood  oorpusclee  where  it  finally  breaks  up  into  about 
12  asexual  spores  (meroEoites)  which  are  often  grouped  about  a  eentral 

•  Bm  'Two  New  arvarlnMs."  bj  3.  F.  Pwtw,  Jow.  Horpk,  ToL  li.  IMS. 
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body  eomposed  of  melanin  pigment,  and  then  enter  other  eoipnseles; 
spore-formation  occurs  every  seventy-two  hours  or  oftener,  and  is 
accompanied  by  a  chill  in  the  patient  followed  by  a  fever;  if  the  blood 
is  drawn  into  the  intestine  of  a  mosquito  of  the  genus  Anopheles  certain 
of  these  spores  produce  flagellate  individuals  {microgametes),  and  others 
produce  rounded  spores  (mticrogametee) ;  these  two 
conjugate,  and  motile  individuals  {zygotes)  are  the 
result,  which  penetrate  the  intestinal  mucous  mem- 
brane and  form  large  cysts  on  its  outer  surface; 
here  they  sporulate  and  develop  Anally  into  long, 
slender   sporozoites   which   migrate   into   the   body 

cavity  and  then  into  the  salivary  glands  of  the         '^•,^?r"f3!?W^ 
^  ''    '^  «ifiifiMilaHae(I>oflelii). 

mosquito  and  are  injected  with  the  saliva  into  the      3?»«5  circles  represent 
^  ^^  blood   corpuBcIeB   into 

blood   of  the   next   person   the   mosquito   bites:      ^%ii^f^™"h*re^tt 

3  species.  grows  antil  It  flUs  the 

'^  corpQscIe    (B)    and 

P.  malariaa  (Laveran)  (Kg.  69).  The  cause  Jgjn^  s^wres^  (Jh 
of  qnartan  malaria,  in  which  the  chill  and  fever  ^Djlw^w^'oaSf  ^^ 
oceur  every  seventy-two  hours. 

P.  vivax  Grassi  and  Feletti.  The  cause  of  the  tertian  malaria  in 
which  the  chill  and  fever  occur  every  forty-eight  hours. 

P.  falciparum  Welch.  The  cause  of  pernicious  or  autumnal  malaria 
in  which  the  chill  and  fever  occur  every  twenty-four  hours,  or  irregularly. 

2.  Babesia  Starcovici   {Pyrosoma  Smith 

CiN  (^\  ^^  ^^  and  Kilbourne;  PtropZoama  Fatten).  An  intra- 
y  ^^  ^^^  ^^  corpuscular  parasite  of  mammalian  blood- 
/^^  f^i^  {^7ii\  r^^  corpuscles,  without  melanin  pigment;  trans- 
^cL^  \s3^  ^Cx  ^^  mission  by  the  bite  of  ticks  in  whose  intestine 
S-'Vikjirr  f^'^T^s^^*'      ^^    pseudosexual    processes    occur:     many 


eles  represent  blood  corpus-      anAeieg. 
dec  containing  the  parasite.      »F«*'**»- 

B.  hominis  (Manson) .  The  cause  of  Rocky 
Mountain  spotted  fever  in  man,  the  tick  involved  being  Dermacentor 
vemutua. 

B.  bigwnina  (Smith  and  Eilb.)  (Fig.  70).    The  cause  of  Texas  fever 
in  cattle,  the  tick  involved  being  Margaropua  (Boophilus)  a/nnulatus. 

Subclass  2.    NEOSPORIDIA. 

Sporosoa  which  form  sporocysts  throughout  life,  the  entire  cell  not 
being  used  in  the  formation  of  spores :  4  orders. 
Key  to  the  orders  of  Neosporidia  here  described : 

Si  In  the  organs  of  fishes  and  insects 1.  MTXOSFORmnDA 

0f  In  the  muscle  fibres  of  vertebrates 2.  SABCOSPOBmnPf 


ObdebI.    KYXOSPOBIDIIDA.* 

Sporozoan  parasites  which  occur  in  various  oi^na  of  SaheB,  inaeeta, 
and  other  animals;  body  amoeboid  or  spherical  and  mnltinndear ;  eporu- 
lation  gives  rise  to  sporoblasts  in  each  of  which  one  to  several  spores 
develop:  4  families,  indnding  some  dangerous  parasitea,  one  of  which 
is  Glugea  bombyais,  the  silk-worm  parasite,  which  in  thirteen  years 
prflviona  to  1867  caused  a  loss  iu  France  of  one  billion  &anea. 

Familt  inrXOBOLIDAE. 

Parasites  of  fishes  rarely  found  in  the  smoBboid  form,  bnt  usoatly 
as  cysts  filled  with  spores  in  which  are  vaonotes  which  are  stained 
reddish  brown  by  iodine:  3  genera. 

Htxobokvb  Biitschli.     Spores  ovoid  or  elliptical:  about  40  species. 

IC.  lintoni  Onrley.    In  all  the  tissues  of  Cyprinodon  variegatua. 

Obdeb  2.    aASOOSPOBIDIIDA. 

Sporozoan  parasites  in  the  muscle  fibres  of 
vertebrates;  body  elongate  forming  cysts  with  a 
double  membrane,  in  which  are  spores:   1  genus. 

2.  SasOOOTBTIB  Lankester.  Elongated  SpoTO- 
toa  living  in  the  muscle  fibres  of  the  pig,  sheep,  rat, 
and  other  animals:  about  a  dozen  species. 

8.  mlescheriana  (Kiihn)  (Fig.  71).  Length  of 
cyst  3  mm. :  in  the  pig. 

B  Class  4.     niFU80EIA.t 

The  Infusoria  are  distingnished  by  their  defi- 
nite body  form,  the  outer  surface  of  the  body  being 
bounded  by  a  firm  euticula,  and  by  the  possesaion 
of    cilia.      These    dlia    are    short    hair-like    pro- 
jections   of    the    ectosare    throngh    the    euticula, 
rig.  71 — earoocwUt  and  in  the  various  epeeies  may  appear  as  rapidly 
(DaBelD).    A,  a  cyst ;    vibrating    locomotory    organs,    or    may    be    united 
coDuaiiiiig  c;at«.  to    form   tentacles,    q>inee,   mBmbranes,   or   suck- 

ing tubes.  The  ectosare  is  often  b^hly  specialized. 
In  many  forms  it  contains  large  nnmbera  of  defensive  organs 
called    trichocysts,    which    are    minute    rods    lying    perpendicular    to 

■  "The  MTiosporldla  or  Psoroiperma  el  Flibei  Bud  tbe  Bpldemlci  Prodaced  by 
Them,"  b;  R.  R.  Gnrlay,  BnU.  U.  S.  Flsb.  Com.,  ToL  II.  1898. 

f  S«e  "A  UinDBl  of  tbe  iDfnsorla,"  bf  W.  a.  Kent,  ISSl.  "A  PreUmlwrr  Contrl- 
DqUoo  towards  a  Htstorj  ot  tbe  Frefh-waUr  InliuoiU  ot  tbe  Dnited  StatM,"  br 
A.  C.  Stakes  Jonr.  TtCDtoti  Nat  Hiit  Soc.,  ToL  1.  p.  71,  1688. 
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the  smface  which  may  he  shot  out  into  the  water.  In  a  few 
forms  {VofiieeUa)  nettle  organs  are  present.  The  ectosaro  often  con- 
tains mnsde  ridges  called  myonemes,  which  appear  as  parallel  longi- 
tudinal or  spiral  lines,  and  in  a  few  cases  (Stentor)  striated  muscle 
fibriUae  are  present.  The  entosarc  is  more  fluid  than  the  ectosarc  and 
is  granular  and  contains  a  variety  of  specialized  structures.  Chief  of 
these  are  the  nuclei,  of  which  two  kinds  are  present,  the  micronucleus 
and  the  macronucleus.  The  latter  is  of  large  size  and  often  branched 
or  irr^ular  in  shape,  and  is  supposed  to  be  v^etative  in  function. 
The  very  much  smaller  micronucleus,  of  which  more  than  one  may  be 
present,  lies  alongside  the  macronucleus  and  is  chiefly  concerned  with 
reproduction  and  conjugation.  The  entosarc  also  contains  one  or  more 
eontractile  vacuoles  and  food  vacuoles.  The  former  have  a  definite 
position  in  the  body  and  serve  to  eliminate  the  water  taken  in  with  the 
food  vacuoles  together  with  the  excretory  wastes.  The  food  vacuoles 
are  globules  of  water  which  are  taken  into  the  entosarc  together  with 
the  food. 

The  food  of  Infusoria  consists  of  organic  particles  of  all  sorts: 
some  live  principally  on  animal  food,  some  on  plant  food,  many  are 
scavengers,  and  a  few  are  parasitic.  In  all,  with  the  exception  of 
certain  parasitic  forms,  mouth  and  gullet  are  present:  an  oral  groove 
may  lead  to  the  mouth.    The  anus  is  usually  a  temporary  opening. 

The  Infusoria  reproduce  by  division,  the  animal  in  most  cases 
dividing  into  two  equal  parts.  In  some  forms  division  takes  the  form 
of  budding.  Conjugation  takes  place  in  all  Infusoria,  The  two  conju- 
gating individuals  fuse,  in  most  cases  temporarily  by  the  ectosarc  of 
the  mouth  r^on,  and  an  interchange  of  micronuclear  substance  takes 
place.  The  macronucleus  disintegrates  in  each  animal  while  the  micro- 
nucleus  divides  several  times.  The  products  of  these  divisions  disin- 
t<^rate,  with  the  exception  of  a  single  one,  which  divides  again.  Of 
the  two  micronuclei  thus  obtained  in  each  of  the  conjugating  individ- 
uals, one  migrates  across  to  the  other  individual  and  fuses  with  the 
micronucleus  remaining  there.  This  fusion  micronucleus  then  divides 
and  a  i)ortion  of  it  enlarges  to  form  a  new  macronucleus.  Where  more 
than  one  micronucleus  is  present,  it  is  probable  that  this  process  goes 
on  with  all  of  them.  All  Infusoria  encyst  themselves  at  certain  times, 
in  which  condition  they  may  be  carried  by  the  wind  long  distances.  The 
Infusoria  are  found  in  both  fresh  and  salt  water.  The  name  originated 
with  Ledermuller  in  1763  and  was  at  first  applied  to  all  minute  organ- 
isms which  may  appear  in  infusions.  Only  in  modem  times  has  its 
use  been  confined  to  protozoans.  The  clas^  CQnt;aina  about  1,200  species 
grouped  in  2  subclass^^ 
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Key  to  the  subclasses  of  Infusoria: 

Oi  Cilia  present 1.  Chiata 

Of  No  cilia  present  in  the  adult,  but  long  sucking  tubes 2.  Suotosia 


Subclass  1.    CILIATA. 

Protozoa  with  cilia  and  usually  with  a  definite  mouth  and  gullet: 
4  orders  with  about  1,000  species,  of  which  about  400  are  marine. 
Key  to  the  orders  of  Ciliata: 

Oi  Cilia  usually,  but  not  always,  present  on  all  parts  of  the  body. 

5i  Cilia  all  approximately  of  the  same  length 1.  Holotbichida 

5s  Mouth  surrounded  by  an  adoral  zone  of  large  cilia 2.  Hbtebotrichioa 

o.  Cilia  present  on  only  a  part  of  the  body. 

ht  Cilia  confined  to  the  ventral  side 3.  Htfotrichida 

h^  Cilia  confined  to  one  or  more  rings  around  the  body 4.  Pebitbichida 


Order  1.    HOLOTRIOHIDA. 

» 

Protozoa  in  which  the  cilia  are  usually  evenly  distributed  over  the 
body,  with  a  tendency  to  arrange  themselves  in  straight  lines,  which 
have  often  a  spiral  arrangement;  in  the  vicinity  of  the  mouth  the  cilia 
are  often  longer  than  elsewhere  and  in  a  few  forms  are  confined  to  this 
region;  trichocysts  almost  always. present:  10  families. 

Key  to  the  families  of  Holotrichida  here  described : 

Oi  Animals  not  parasitic. 

5^  Mouth  closed  except  when  taking  in  food,  and  without  undulating  membrane. 
*  Oi  Mouth  terminal  or  subterminal. 

di  Body  usually  oval  or  cylindrical 1.  Enghelinidak 

d.  Dorsal  side  arched ;  forward  end  often  neck-like 2.  Trachelinidab 

Cs  Body  ovoid ;  mouth  in  middle  or  posterior  region. . .  .3.  Chlaictdodontidas 
ht  Mouth  always  open  and  ventral  with  an  undulating  membrane  around  it  or 
in  the  gullet 
Oi  Oral  groove  absent  or  slightly  developed. 

di  No  equatorial  zone  of  cilia 4.  Cuxlifebidas 

d.  Broad  equatorial  sone  of  cilia 5.  Ubocentbidae 

Ct  Long  oral  groove  present. 

di  No  undulating  membrane  along  oral  groove 6.  PARAMEcnDAE 

dt  An  undulating  membrane  along  the  oral  groove 7.  Plbusonemtdae 

Ob  Animals  parasitic ;  mouth  absent 8.  Opaijnxdab 


Famu^y  1.    ENCHELINIDAE. 

Usually  oval  Infusoria,  .sometimes  with  a  long  slender  forward  por- 
tion, with  a  terminal  mouth  by  which  large  objects  are  swallowed,  food 
not  being  introduced  in  currents,  as  the  gullet  is  never  ciliated:  about 
18  genera;  principally  in  fresh  water. 
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Key  to  the  genera  of  Enchelinidae  here  deeeribed: 

Oi  CilUt  cover  whole  body. 
h^  Body  not  covered  with  rectangular  plates. 
Oi  Body  not  elongate  and  contractile. 
di  Gullet  absent  or  short 
et  Posterior  bristle  not  present. 

ft  Month  terminal ;  body  ovoid 1.  Holophbta 

/,  Month  snbterminal ;  body  with  slight  neck 2.  Bnohkltb 

e.  Posterior  bristle  present 3.  Ubdtbioha 

d,  GoDet  long  and  lined  with  a  membrane 4.  Pbobooon 

c^  Body  elongate  and  contractile. 

d^  Body  flask-shaped  with  contractile  neck 5.  Lacsticabia 

d.  Body  very  long  and  contractile 7.  Traohxzxxjbbca 

is  Body  covered  with  rectangular  plates Q.  Ooleps 

a.  Cilia  confined  to  1  or  2  girdles. 

&t  I>eep  equatorial  furrow  present 8.  McsoDnnuM 

hg  No  such  furrow 9.  DnnniUM 

1.  Holophbta   Ehrenberg.    Body   striated,   cylindrical  or  ovoid; 
dliation  uniform;  no  trichoeysts:  6  species;  in  fresh  and  salt  water. 


Fig.  72 


Fig.  73 


Fig.  74 


Fig.  72 — Holophrpa  dUoolor  (from  Bronn).    Fig.  78 — Enehelfft  pupa  (Conn). 

Fig.  74 — Urotricha  fareta  (Conn). 

H.  discolor  Ehr.  (Fig.  72).  Body  ovoid ;  length  .04  mm. :  in  standing 
water. 

2.  EvOHSLTB  0.  F.  MiiUer.  Anterior  end  somewhat  elongated  and 
truncated  with  subterminal  mouth:  5  species;  in  fresh  and  salt  water. 

E.  pupa  Ehrenberg  (Fig.  73).  Body  ovoid;  length  .08  mm.;  color 
often  greenish. 

8.  UsoTBlOHA  Clapar^e  and  Lachmann.  Like  Holophrya,  but  with 
a  bristle  at  hinder  end:  2  species;  in  fresh  water. 

U.  fareta  CI.  and  Lach.  (Fig.  74).  Springs  with  its  bristle;  length 
.02  mm. 

4.  Fbosodov  Ehrenberg.  Body  ovate  or  ellipsoid,  with  a  long 
gullet  lined  by  a  membrane:  8  species;  in  fresh  water. 

P.  griseus  Oapar^de  and  Lachmann.  Length  .25  mm.:  in  standing 
water. 

5.  Lao&txasia  Ehrenberg.  Body  flask-shaped,  with  a  eontractile 
oeek  and  spiral  striations;  4  species;  in  fresh  and  salt  water. 


Laervmaria  ol 
(Conn). 
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L.  olor  (0.  p.  MiUler)  (Fig.  75).  Body  extremely 
elastic,  colorless  or  green;  leDgth  withont  neck  2  mm.; 
neck  may  be  much  longer  than  body:  in  fresh  water. 

L.  li<«nnb  CUparfede  and  Lachmann.  Body  flaek- 
shaped,  with  a  short  eonical  neck  which  has  a  crown 
of  loiter  eilia;  lei^h  up  to  .16  mm.:  in  decaying 
marine  and  fresh-water  algae. 

6.  OotEFS  NitzBch.  Barrel-shaped, 
rigid,  with  an  armor  composed  of  rect- 
angnlar  plates  between  which  the  cilia 
project:  3  species;  in  fresh  water. 

0.  hirtiu  Ehrenberg  (F^.  76).  Gray 
or  green;  length  .04  mm.:  in  swamps. 

7.  Tkaohsloobboa  Ehrenberg.  Body 
very  long,  slender,  and  contractile:  ma-  "«.*» 

Oot«M  Mela* 
nne;  1  species.  (Conn). 

T.  p&ffinlcoptanu  Cohn   (Pig.  77). 
Length  up  to  1.7  mm.;  with  a  fonr-sideiJ  month,  which  may  not  be 
seen :  Woods  Hole. 

8.  HsBODlimnt  Stein.    Body  globular  or  conical,  with  a  deep  furrow 
around  the  middle  from  which  spring  one  or  more  rows  of  cirri;  4  con- 
tractile tentacles  in  the  month:  3  spwies;  in  fresh  and  salt 
water, 

H.  dnctoffl  Calkins  (Fig.  78).  Cirri  projecting  forward 
number  about  30:  marine;  Woods  Hole. 

9.  DiDimni  Stein.  Body  cylindrical,  with  1  or  2 
girdles  of  cilia  and  with  a  horseshoe-shaped  macronnclens ; 
forward  end  a  projecting  cone  with  the  month  at  the  tip: 
2  species;  in  fresh  water. 

D.  namtnu*  (O.  F.  Miiller)  (Fig.  79).    Length.l  mm.: 
feeds  on  Paramecium  and 
other  large  infnsorians. 

Faiult  2. 

TBACHELINIDAE. 

Dorsal  side  of  body 

arched;  mouth  terminal 

or    subterminal,    nsoally 

long 


oftOTfcoo-     at    the    end    of 
neck;  6  genera. 


plumfcott- 
(CalUna). 


T\g.  78 
m.78  - 

(Calllns) . 


Fig. 

MtT. 


TS  —  Diatm^m 


tc,  br  8.  O.  Hut,  BioL  BnlL, 
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Key  to  the  genera  of  Traehelinidae  here  described : 

Oi  Distinct  neck  region. 
hx  Mouth  runs  the  length  of  the  neck. 

ct|  E<ntire  body  uniformly  ciliated 1.  AiCFHiLEFTUa 

Ca  Ventral  surface  only  ciliated 2.  Lionotub 

hi  Mouth  at  base  of  neck,  which  is  very  long 4.  Dilkptub 

a.  No  distinct  neck  region 3.  Loxophyllum 

1.  A1CPSILS7TU8  Ehrenberg.  Body  often  curved,  elongate,  flattened, 
with  a  sharp  neck-like  forward  end;  no  gullet:  3  species;  in  fresh  and 
salt  water. 

A.  gntta  Clapar^de  (Fig.  80).    Macronudeus  double;  length  .08  mm. 


Fig.  81 

Fig.  80 — AmphilMttus  gvtta 
(Conn) .  Fig.  81 — lAonotua  fan- 
dola  (Calkins).  Fig.  82 — Lowo- 
phyllum  rostratum  (Conn). 


Fig.  80 


Fig.  82 


2.  LzovoTini  Wrzesniowski.  Body  elongate,  tapering  to  both  ends, 
with  a  large  hump ;  usually  two  macronuclei ;  flattened  side  only  ciliated ; 
anterior  end  heck-like:  6  species;  in  fresh  and  salt  water. 

L.  wnesniowakii  Kent.    Length  .18  mm. :  in  fresh  water. 

L.  fasdola  (Ehrenberg)  (Fig.  81).  Body  ellipsoid,  hinder  end 
eonical;  length  up  to  .6  mm.:  in  fresh  and  salt  water;  Woods  Hole;  Cold 
Spring  Harbor. 

3.  LoxoPKYXxmc  Dnjardin.  Body  flat,  with  a  broad  hyaline  border; 
anterior  projection  slight,  turned  to  the  right;  trichocysts  often  in 
papilla-like  groups;  nucleus  often  bead-like:  in  standing  water;  4 
species;  in  fresh  and  salt  water. 

L.  roftratum  Cohn  (Fig.  82).  Body  elongate; 
length  J 5  mm.:  in  fresh  water. 

L.  setigenim  Quennerstedt.    Body  broad;  1      Fig. 83 — DUeptus  anter 

1  •  1*        *  (Conn). 

mm.  long:  m  salt  water. 

4.  Dilefhtb  Dujardin.  Body  large,  elongate,  with  a  long  contractile 
neck,  at  the  base  of  which  is  the  mouth;  numerous  contractile  vacuoles; 
nucleus  often  bead-like:  2  species;  in  fresh  and  salt  water. 

D.  anaer  (O.  F.  Miiller)  (Fig.  83).  Body  striated;  length  up  to 
1.5  mm.:  among  algae  in  fresh  water. 


Favilt  3.    CHLAMTPODONTIDAE. 

Orold  or  Iddney-sluiped  Inftaoria  with  the  moath  nsnally  some  dis- 
tance from  Ulterior  end;  gullet  specially  modified  to  swallow  food  of 
large  size :  about  11  genera. 

1.  Nabsula  Ehrenberg.  Body  ovate  or  cylindrical ;  montb  between 
middle  and  anterior  end ;  gullet  armed  with  rods  or  with  a  membrane : 
8  species;  in  firesh  and  salt  water. 

K.  oniata  Ehr.  Body  nearly  eircular,  usually  with  brightly  colored 
qtota;  gullet  with  rods;  length  2  mm.:  in  fresh  water. 

K.  nuCTOltom*  Cohn  (Fig.  84).  Body  nearly  circular,  with  brightly 
colored  spots;  gullet  with  a  membranous  lining;  length  .OS  mm.: 
marine;  Woods  Hole. 

2.  Ohilosov  Ehrenberg.    Body  flattened,  with  convex  dorsal  side; 


f:£.  Si  Fig.  85  n«.  se 

Flfi.  S4— TToMvIa  wtaerottoma  (Cftlktni).     Fig.  SO — Ohllodo»  okwIIhIu*  (CalklnB). 
Fie-  S^—FrtHttonla  leucat  (CalklDa). 

month   at  or  in   front  of  middle  of  body;  gullet  armed  with  rods: 
fi  species;  in  fresh  and  salt  water. 

0.  cncnllnliiB  (O.  F.  Miiller)  (Fig.  85).  Length  .1  mm.  or  less; 
body  ovoid;  forward  aid  bent  to  the  left:  in  fresh  and  salt  water. 

FamilT  4.    CHILIFEBIDAE. 

Month  never  behind  the  middle  and  always  open,  with  an  undulating 
membrane  on  the  edge  of  it  or  in  the  slightly  developed  gullet: 
Q  genera. 

Key  to  the  genera  of  Chiliferidae  here  described : 

0,  Long  ventral  furrow  leading  back  from  the  month I.  FbortoRU. 

Of  No  sDcb  furrow. 

t,  Caudal  bristle  preaent 3.  Ubomuu 

Is  No  bristle. 

c.  Body  oval,  symmetrical 2.  CoLpjmvit 

Ct  Body  rounded  doraally,  straight  ventrally 4.  Colpoda 

1.  FSOMTOKU  Ehrenberg.  Body  large,  ellipsoid  or  elongate  and 
contractile  and  colorless,  or  green  or  brown,  with  month  near  forward 
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and  and  an  nndnlating  membraae  in  the  gullet:  3  apeeies;  in  fresh 
and  salt  wat«T. 

F.  lencas  Ehr.  (Fig.  86).  Body  brown  or  black  in  color;  length 
J3  mm.  or  more ;  a  furrow  extends  back  from  the  mouth :  in  fresh  and 
Bait  water;  Woods  Hole. 

2.  ODumiini  Stein.  Body  oval,  the  ventral  side  being  incurved 
and  the  forward  end  smaller  than  the  hinder;  mouth  central:  2  Bpecies; 
in  fresh  and  aalt  water. 

0.  colpodx  (Ehrenherg)  (Fig.  87).  Length  .045  mm.  or  more:  in 
fresh  and  salt  water;  common  in  infusions;  Woods  Hole. 

3.  UsonXA  Dojardin.  Body  minute  and  oval,  with  a  long  bristle 
at  the  hinder  end;  month  near  middle  surrounded  by  membranes:  6 
species;  in  fresh  and  salt  water. 


ns.87 — CoIpUfwm  cotaoda   (CalklDa).     Flg.SB—Uro»«ma  marinun   (Calktni). 
tlK.89 — Volpoia  ououUut  [Conn). 

V.  marinam  Duj.  (F^.  88).  Length  .06  nun.:  in  fresh  and  salt 
vater;  in  decaying  vegetation;  marine;  Woods  Hole. 

<.  OoLPOOA  0.  F.  Miiller.  Body  laterally  compressed,  with  rounded 
dorsal  and  stra^ht  ventral  surface;  mouth  toward  forward  end,  sur- 
rounded  by  long  cilia;  several  species;  in  fresh  water,  especially  in  hay 
infusions. 

0.  cncvUnB  Mid.  (Fig.  80).  Body  ellipsoidal;  length  .1  mm.:  in 
fresh  water;  very  common. 

FaHILT  5.    UBOCENTBIDAE. 

Body  barrel-shaped;  month  near  the  middle;  a  broad  girdle  «t 
longer  cilia  sroond  the  body :  1  genns. 

UsoonraBtm  Nitzseh.  Characters  as  above :  1  species ;  in  fresh  and 
salt  water. 

V.  tnrbo  (O.  F.  Holler)  (Fig.  90).  Length  .06  mm.;  swims  with  a 
whirling  motion. 

Family  6.    PAKAMECIIDAK 

Body  elongate,  with  a  long,  deep,  oral  groove  leading  to  the  mouth 
which  is  in  the  middle  or  hinder  part  of  the  body:  1  genns;  common  in 
infusions  and  decaying  organic  matter. 
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PASAXSomc*  O.  F.  Miiller.  Slipper-animalcules.  Characters  aa 
above;  trichocysts  distinct;  two  contractile  vacuoles:  4  species;  in  fresh 
and  salt  water. 

P.  aurelia  Miil.  (Fig.  91).  Forward  end  rounded;  hinder  end  bluntly 
pointed;  length  .15  nun.;  2  micromiclei :  in  fresh  and  salt  water;  common. 

P.  candatom  Ehrenberg  (Fig.  92).  Like  P.  aureUa,  but  somewhat 
larger  and  more  pointed  behind  and  with  1  micronucleus :  in  fresh 
water;  commoner  than  the  preceding. 


Big.  80  Fig.  91  Fig.  92 

Fig.   90 — Urocenirum  turbo    (Conn).     Fig.   91   and   Fig.   92 — Paramecivm   omreXia 

and  P.  oaudatum  in  outline  (Qeorge  T.  Hargltt). 

P.  bursaria  Ehr.  Body  wide,  rounded,  and  obliquely  truncate  for- 
ward and  pointed  or  rounded  behind;  usually  bright  green  from  the 
numerous  green  algae  {zoochlorellae)  in  the  ectosarc;  length  J.2  mm.: 
in  fresh  water. 

Family  7.    PLEUBONEMIDAE. 

Body  oval  or  ellipsoidal,  with  a  long,  deep  oral  groove  leading  to 
the  mouth  in  hinder  part  of  body;  along  the  edge  of  this  groove  is  a 
large  undulating  membrane:  5  genera. 

Key  to  the  genera  of  PleuronemicUie  here  described : 

Oi  No  caudal  bristle. 

&i  Hinder  end  acute 1.  Lescbadion 

&,  Hinder  end  rounded 2.  Pleuboneva. 

a.  Caudal  bristle  present 3.  LembiTs 

1.  Lexbadzoh  Perty.  Body  oval,  rigid,  posterior  end  acute:  1 
species. 

L.  bullinum  Perty  (Fig.  93).    Length  .05  mm.:  in  fresh  water. 

2.  PLEtr&ONEiiA  Dujardin.  Body  rigid,  oval,  and  flattened;  oral 
groove  takes  in  a  large  part  of  the  ventral  surface  and  with  a  high,  undu- 
lating membrane;  cilia  very  long:  2  species;  in  fresh  and  salt  water. 

P.  chxysaliB  (Ehrenberg)  (Fig.  94).  Moves  by  springs  and  by  swim- 
ming; length  .04  mm.:  in  fresh  and  salt  water;  in  decaying  vegetation. 

*  See  "Races  of  Paramecium/'  by  H.  S.  Jennings  and  0.  T.  Hargltt,  Jour.  Morph., 
Vol.  21,  p.  495,  1010.  "Two  Thoasand  Generations  of  Paramndum,"  by  L.  h. 
Woodruff,  Arch.  f.  Prot.  Vol.  21,  p.  263,  1911.  "Paramsclum  aurelia  and  P. 
oaudatum,**  by  same,  Jour.  Morpb.,  Vol.  22,  1911. 
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3.  hxMMtn  Cobn.  Body  elongnte,  with  a  long  caudal  bristle;  mouth 
in  the  middle  with  the  oral  groove  leading  to  it  from  the  forward  end: 
in  decaying  plants;  3  species;  marine. 


L.  infuionuiL  Calkins  (Fig.  95).  Body  lancet-shaped,  with  a  taper^ 
ing  anterior  extremity;  a  row  of  contractile  vacuoles  extends  from  the 
hinder  end  forward;  length  .07  mm.:  Woods  Hole. 

FAlflLT  8.     OPALINIDAE. 

Month  absent;  body  oval  or  elongate:  6  genera,  parasitic  in  the 
Anura  and  in  worms  and  mollusks. 

1.  Opaixna*  Purkinje  and  Valentin.  Elliptical  Infusoria  living 
parasitic  in  the  rectnm  of  frogs  and  toads;  13  specif 

O.  ranomm  Pur.  and  Tal.  (Fig.  96).  Body  flattened; 
many  contractile  vacuoles;  length  .6  nun.:  in  frogs  and 

2.  AxoFU)PKXYA  Stein.  Body  elongate:  in  the  di- 
gestive tract  of  marine  annelids  and  on  the  gills  of 
cmstaceana;  occasionally  free-swimming. 

A.    braacUamm    St.    Length    .1    mm.;    body    Qask-  opauna 

■haped:  Woods  Hole;  free-swimming.  (DSfldn". 

Ordeb  2.    EETBBOTBIOHISA. 

Body  with  uniform  cilistion  and  an  odorol  zone  along  the  oral 
groove  consisting  of  cilia  fused  together  to  form  membraneUes :  7  families. 

Key  to  the  families  of  HeteTotrichida  here  described: 
«i  Bod;  Dot  {d  a  cup. 
b.  Body  not  with  ■  crown  of  loDg  cirrL 
c.  Body  not  funnel  or  tmni pet-shaped. 

rf,  Body  elonjcated 1.  fiAoiUTOiODAK 

d.  Body  usaally  oval  with  a  trianxnlar  oral  groove 2.  BcasABnoAX 

e.  Body  fonuel  or  trumpet-shaped 3.  STERTosroAa 

b.  Body  with  a  crown  of  long  cirri 4.  HALTGBiniAE 

0,  Body  in  a  cup 5.  TmrmmDAr 

•  See  "OpaUna,"  by  M.  K.  Metcalf,  Arcb.  (,  Prot.,  Vol.  13,  p.  1»B,  1909. 
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Family  1.    FLAGIOTOMIDAE. 

The  oral  groove  extends  from  the  forward  end  of  the  mouth,  near 
the  middle  of  the  body;  adoral  zone  along  the  left  aide  of  the  groove; 
body  elongate:  6  genera. 

Key  to  the  genera  of  Plagiotamidae  here  described: 

0}  Oral  groove  spiral 1.  Mjctofus 

0|  Oral  groove  straight 

hi  Forward  end  acute  and  turned  to  the  left .2.  Blephabisica 

b.  Body  straight  and  worm-like 3.  Spibostoicum 

1.  MsTOFTO  Clapar^de  and  Lachmann.  Body  cylin- 
drical; oral  groove  extends  spirally  across  the  forward 
two-thirds  of  body;  contractile  vacuole  at  hinder  end: 
2  species;  in  fresh  and  salt  water. 

U  sigmoidea  (O.  F.  Miiller)  (Fig.  97). 
Length  .13  mm.;  body  very  contractile:  in 
fresh  water. 

2.  BxJEPHABXBi^  Perty.  Forward  end 
acute  and  turned  to  the  left;  hinder  end 
rounded:  several  species;  in  fresh  water. 

B.  undulans  Stein  (Fig.  98).  Length 
•37  nun.;  color  red:  in  fresh  water. 

8.  Spi&osTOinnc  Ehrenberg.  Body  long, 
cylindrical,  and  worm-like,  very  contractile,  with  dis- 
tinct spiral  striations;  nucleus  bead-like;  oral  groove  in 

about  first  third  of  body;  contractile 
vacuole  at  hinder  end:  2  species;  in  fresh 
and  salt  water. 

8.  teres  Clapar^de  and  Lachmann 
(Fig.  99).  Length  .4  mm.;  body  tapers 
slightly  at  both  ends;  nucleus  sometimes 
simple. 

8.  ambigunm  (Bory  de  Vincent).  Body 
1  mm.  long  or  more,  and  not  tapering. 


Fig.  07 

MetotHU 
(Conn). 


Fig.  08 


Fig.  00 


BXepha/riama 

undulan9 

(Conn). 


8piiro9iamuim 

t9rt9 

(Conn)* 


Family  2.    BUBSABUDAE. 

Body  usually  oval  and  flattened,  the  oral  groove  being  a  triangular 
sunken  area  ending  in  the  mouth;  adoral  zone  on  left  edge  of  groove: 
5  genera. 

Key  to  the  genera  of  Bursariidae  here  described : 

Ot  Animals  parasitic 2.  BALAinmnTH 

(1,  Animals  not  parasitic. 

6i  Body  very  hroad 1.  Bubsaha 

5t  Body  cylindrical 8.  (3oin>TLOSTOMA 
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L  BvxsASU  0.  F.  M{ill«T.  Bod?  luge,  pnrse-ehaped,  obliqnel; 
truncate  in  front;  nnclens  long,  ribbon-like:  1  Bpeeies;  in  fresh  w&t«r. 

B.  tnmcatalU  Uul.  (Fig.  100).  Length  1  nun. 
and  more:  often  between  fallen  leaves  in  the 
water. 

S,  Bu,A«Ti9iuM  Stein.  Body  apindle-ahaped, 
irith  the  oral  groove  at  the  apex :  4  apeoies,  para- 
sitic in  nuunmals,  amphibians,  and  worms. 

B.  coU  St.  (Fig.  101).  Length  02  mm.:  iu 
the  large  intestine  of  the  pig  and  man,  canaing 
diarrhcsa. 

B.  antoioon  (Ehrenberg).    Length  2  mm.:  fu.100 

in    the    large    intestine    of    frogs,    toada,    and        aartaria  lni«oal«na 
aalainaadera.  ,  (Com). 

S.  OoniTxoflToiu  Dnjardin.  Body  rounded  or  cylindrical,  tapering 
anteriorly  with  obliqnely  truncate  forward  end;  nnclens  bead-like:  2 
species,  in  fresh  and  salt  water. 

0.  patens  (O.  F.  Muller)  (Fig.  102).  Length  .4  mm.;  width  M 
mm. :  freeh  and  salt  water. 


FUOLY  3.    8TEKT0BIDAE. 
Body  the  shape  of  an  elongated  funnel  and  very  contractile,  the 
small  end  of  which  can  be  attached ;  large  end  truncate,  the  adoral  n>ne 
passing  around  the  edge;  nucleus  usually  beaded:  2  genera;  in  fresh 
water. 

Stsbtob*  Oken.    Fixed  or  free-swimming;  when  swimming  body 
is  fioutraeted~and  ovate:  8  species;  in  fresk-water. 

B.  COMrnleiU  Ehrenberg  (Fig.  103).    Body  bine;  length  .25  nun. 

I  (Bbr.),"  bj  A.  A.  Scbaeffer,  Jotu. 
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8.  polymorphns  (0.  F.  Muller).  Body  nsii&lly  greoi  from  the  pres- 
ence of  algae  {looehioreliae)  but  sometimes  colorless;  length  1  mm.: 
sometimes  very  abondaiit  on  water  plants. 

8.  rcwall  Ehr.  Body  colorless;  nucleus  ribbon-shaped;  often 
attached  by  a  short  case;  length  1  mm. 

Fahilt  4.    HALTEXnDAE, 
Body  ^herical  or  ovoiil,  often  with  long  bristles  and  a  few  cilia 
scattered  over  the  body;  animal  moves  by  springing:  2  genera. 

1.  HaltkKU  Dnjardin.  Body  small,  spherical, 
with  anterior  adoral  ciliated  sone,  and  asnally  body 
bristles:  2  species;  in  fresh  water. 

H.  grandineUa  (0.  F.  Uuller)  (Fig.  104). 
Length  .04  mm. 

2.  BTBOMatonni  Claparide  and  Lachmann.  Like 
Tig.   104— HatffTfs       Ealteria,    but    without    the   bristles:    6    species;    in 

'™*""'""  *«"•"''>•     fresh  and  salt  water. 

8.  r-andatnin  Fromentel.  Caudal  appendage  present;  length  .035 
mm.:  in  freah  and  salt  water. 

Fault  6.    TINTINNIDAE. 

Body  attached  by  a  stalk  to  a  cnp:  5  genera. 

1.  Tmimopais  Stein.  Animal  in  a  ehitinons 
cup  on  which  are  embedded  sand  granules;  anterior 
end  has  two  circles  of  cilia:  numerous  species; 
marine. 

T.  beroidea  St.  (Fig.  105).  Cup  thimble-shaped; 
length  .05  mm.:  Woods  Hole. 

T.  davidoffl  Daday.     Cup  elongate  with  a  loi^ 
spine;  length  .23  mm. 
ny.  JOB — THnHH-  2.  TsfTlinrDl    Ehrenberg.      Like     Tintinnopna 

((^iudi).  except  that  no  sand  grains  are  imbedded  in  the  cup: 

numerous  species;  in  fresh  and  salt  water. 
T.  amphora  Clapar^de  and  Lachmann.    Length  .1  mm.;  cup  elon- 
gate: marine;  Cold  Spring  Harbor. 

OBDtB  3.    HTPOTRIOHIDA. 

Body  flattened  and  with  cilia,  spines,  eirri,  and  membranellea 
conflned  to  the  ventral  surface;  dorsal  surface  may  have  bristles:  3 
families. 
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Key  to  the  families  of  Hypotrichida  here  described : 

Oi  Body  tuaally  elongate  and  broad,  with  ventral  cilia 1.  Oxttbichidak 

Os  Body  more  or  less  circular  with  very  long  bristles  and  cilia  usually  absent 

2.   EUFLOTIDAB 

Pamilt  1.    OXYTBICHIDAB. 

Body  somewhat  elongate  with  arched  dorsal  and  flat  ventral  side, 
the  latter  with  cilia,  bristles,  etc.;  month  near  the  middle  with  an  oral 
groove  running  backwards:  21  genera;  in  fresh  and  salt  water. 

Key  to  the  genera  of  Oxytrickidae  here  described: 

Oi  Several  median  longitudinal  rows  of  continuous  dlia. 
6i  Five  or  more  rows  of  cilia. 

Cx  Mostly  fresh-water  animals 1.  Ubosttla 

e^  Marine  animals 2.  Epicuntes 

fta  Less  than  5  rows  of  cilia. 
Oi  Neither  anterior  nor  anal  bristles;  body  acute  anteriorly.  .3.  Stichotricha 
Ca  Such  bristles  present ;  body  usually  broad. 

di  Animals  mostly  marine 4.  Auphisia 

d^  Animals  mostly  in  fresh  water. 
ei  Two  median  rows  of  cilia. 

ft  Three  anterior  and  no  anal  bristles .6.  Uboleptub 

ft  No  anterior  bristles ;  anal  bristles  present 7.  Holosticha 

€a  Three  or  4  rows,  body  broad  and  rectangular 6.  OirrcHODBOinTs 

Os  No  median  rows  of  continuous  cilia ;  but  marginal  rows  present. 

h^  No  caudal  bristles 8.  Oxttbioha 

ft.  Three  long  caudal  bristles 9.  Sttlontchia 

1.  Urobtyla  Ehrenberg.  Body  flexible,  elliptical, 
with  longitudinal  striations  and  rows  of  cilia;  oral 
groove  at  forward  end;  5  to  12  long  anal  bristles  in 
an  oblique  row,  and  3  or  more  anterior  bristles:  6 
species ;  in  fresh  and  salt  water. 

V.  trichota  (Stokes)  (Fig.  106).  Length  .3  mm.; 
5  anal  and  about  20  anterior  bristles:  in  fresh  water. 

2.  Epiclxhtbs  Stein.  Body  flexible,  elongate,  the 
forward  half  being  ovate,  the  hinder  end  slender  and 
cylindrical;  several  longitudinal  rows  of  cilia:  1 
species;  marine. 

E.     radiosa     C^uenner- 
stedt   (Fig.  107).     Length 

.045  mm.;  5  large  bristles  at   pig.  io7^BpU)Unie$  radioM 

forward  end:  Woods  Hole. 

3.  Stichotbioxa   Perty.    Body   cylindrical   and  very   contractile, 

with   acute   forward   end;   oral  groove   extending  back   to   middle   of 

body;  2  or  3  rows  of  cilia;  color  often  green:  4  species;  in  fresh  and 

salt  water. 

8.  secimda  Perty  (Fig.  108).    Length  2  mnu:  in  fresh  water. 


Fig.   106 

Urosipla  Mohota 
(Conn). 
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i,  Ampkuia  Sterki.  Body  elongate  and  eylindrical  and  contractile, 
with  rounded  ends  and  often  tinged  red  or  yellow;  several  anterior 
brietles  and  5  to  10  anal  bristles;  oral  groove  extends  back  to  middle 
of  body:  7  epeeiee;  in  fresh  and  salt  vater. 


Fig.  110 — Uroleptiu  longicauiatut  (Coud). 

A.  ksBBlsil  (Wrzesnioweki)  (Fig.  109).  Body  wider  anteriorly; 
length  J3  nun.:  marine;  Woods  Hole. 

S.  UKOLEPTirB  Ehrenberg.  Body  cylindrical  or  flattened  and  slen- 
der with  roanded  anterior  and  acute  posterior  ends;  3  anterior  and 
DO  anal  bristles;  oral  groove  short;  2  continuous  rows  of  median  cilia: 
6  species;  in  fresh  and  salt  water. 

n.  longlcatidEitna  Stokes  (Fig.  110).  Length  .2 
mm.:  in  fresh  water. 

6.  OHTOBODXomra  Stein.  Body  broad,  somewhat 
reotangntar;  3  or  4  rows  of  ventral  cilia;  one  row  of 
large  cilia  along  the  oral  groove:  1  species. 

0.  giandls  St.  (Fig.  111).  Length  .35  mm.;  width 
.12  mm.:  in  fresh  water;  slow  of  movement. 

7.  HoLOSTiOKA.  Wrzesniowski.  Like  Oxytricha 
except  that  there  are  2  rows  of  median  cilia  and  no 
anterior  bristles. 

H.  Temalia  Stokes.    Body  elliptical,  rounded  at 
O»vehoinmua        ^°^^  ™^^ '  '^"^th  .07  mm. :  in  fresh  water, 
(tnT^B**  ^*  O^^'^NOHA  Ehrenberg.    Body  elliptical,  with  a 

row  of  cilia  along  each  lateral  margin  and  a  mid- 
ventral  group  of  bristles,  consisting  of  about  8  bristles  along  the  oral 
groove,  about  5  in  middle  of  the  body,  and  about  5  anal  bristles:  several 
species;  in  fresh  and  salt  water. 

0.  pellionella  (O.  F.  Iduller).  Body  elongate;  length  .09  mm.:  in 
fresh  water. 


INFUSORIA  63 

O.  UfuU  Stokes  (Fig.  112).    Bod;  broad;  length  .2  mm.;  bristles 
in  a  single  line:  in  fresh  water. 

9.  Sttlohtohia  Ehrenberg.  Body  elliptical, 
rigid;  oral  groove  triangular  or  semicircular,  reach- 
ing middle  of  body;  cilia  and  bristles  as  in  Oxytricha; 
nsnally  3  long  caudal  bristles  present: 
6  Bpedes;  in  fresh  and  salt  water;  very 
common,  the  animals  oiXea  moving  by 
quick  jerks. 

S.  postulata  Ehr,  Body  broad; 
length  .25  mm.;  width  J.  mm.:  in 
iufosions. 

S.  mytUiu  (0.  F.  ICiiller)   (Fig. 


113).      Body    broadest    in    front 

ah 


Fig.  11! 

OwMoka        middle;     length    .3    mm.:    in    fresh  Fig,  ii3 


Faiolt  2.    EtTPLOTIDAE. 
Cilia  very  little  developed  or  absent ;  large  bristles  and  spines  ehor- 
aeteiize  the  ventral  surface;  nucleus  ribbon-shaped;  body  round  or  oval: 
S  genera;  mostly  marine. 

Eey  to  the  genera  of  Euplolidae  here  described: 
A,  No  poaterior  faooh-like  projection  at  aide  of  bod;. 
b,  Anterior  briatlee  present 

Ci  About  9  anterior  bristles 1,  tiOFUyiEB 

c.  About  6  anterior  bristle* 2.  Diophkts 

6,  No   anterior   briities 3.  naoirroHU 

a,  PcaterioT  book-like  projection  at  aide  of  body 4.  Abfiihsoa 

L  EvPLOiza  Ebrenberg.  Body  oval 
or  round,  either  green  or  colorless;  mouth 
in  the  binder  half  of  body,  a  long  arched 
oral  groove  joining  it  with  the  front  end 
of  the  body;  about  9  large  bristles  oppo- 
site the  groove  and  a  similar  number  o£ 
ttna!  bristles:  5  species;  in  fresh  and  salt 

*"**^'  Fig.  114  Plf.  116 

B.  Charon  (0.  F.  Muller)  {Fig.  114).        p^.  ii*_j,.p,o,,,  eJu«^ 

Length    .045   mm.:   in   fresh   and   salt     i^p'iSiiKl.ta.^c.iki^f^*'*' 

water. 

a.  PiopHBTB  Dujardin.    Like  £upIotes  except  that  about  6  anterior 

and  8  anal  bristles,  all  very  long  and  thick,  are  present;  movement  rapid 

and  continuous,  not  by  jumps:  2  species;  marine. 

P.  app«&dlcniUt(u  Stein  (Fig.  115).    Length  .05  nun.:  Woods  Hol«, 
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3.  Uboittohu  Stein.  IJke  Euplotes  except  that  no  anterior  and 
about  10  ^eat  anal  bristles  are  present;  movement  rapid,  with  freqneDt 
jumps:  2  species;  marine. 

V.  Betigera  Calkins  (Fig.  116).  Length  .04  mm.: 
common  at  Woods  Hole. 

i.  Asmosoi.  Ehrsnberg. 
Body  oval  with  a  short  oral 
groove  in  the  middle  of  the 
hodj  and  a  short  posterior 
projection  at  the  side  of 
body ;  about  8  thick,  anterior, 
and  6,  or  more,  anal  bristles : 
in  fresh  and  salt  water. 

A.  hftZUia  Qnennerstedt 
(F^.  117).  Length  .07  mm.; 
6  anal  bristles;  Woods  Hole. 

Order  4.    PEBTTBIOHIDA. 

Cylindrical  or  oup-shaped  infusorians  in  which  the  body  is  without 
cilia  except  those  forming  tlie  adoral  zone  at  the  oral  groove,  and  in 
fl  few  cases  a  zone  at  tlie  hinder  end ;  most  of  them  are  sessile :  3  families. 

Key  to  the  families  of  Peritrichida  here  described : 

n.  Bod;  attached  b;  a  broad  sucking  disc I.  LiCHKOFHOtTOAK 

u,  Ba6y  usually  attached  by  a  slender  Btalk 2.  Vobticeludak 

Family  ].    LICnNOPHORIDAE. 

Forward  part  of  the  body  with  an  oval  oral  groove;  the  hinder 
part    stalk- like    and    broadened    at    the    end    to    form    a    sucking    disc 
])iovided  with  a  ring  of  cilia,  by 
which   the   animal   fixes   itself:    1 
genus;    marine;    nsnally    parasitio 
on  moUusks. 

LlOKVOFBOKA       Cla  parade. 
Characters  given  above. 

L.  macfarlandi  Stevens    (Fig. 
US).    Length  .08  mm.;  the  animal 
moves  about  on  its  pedal  disc:  Woods  Hole,  on  the  e^  capsules  of 
Crepidula  and  on  annelids. 

Family  2.    VOBTICELLIDAE. 

Body  cup-shaped  and  cylindrical  and,  with  one  or  two  exceptions, 
attached  by  a  stalk  at  the  hinder  end;  oral  groove  oireolar,  arouad  UiA 
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«dge  of  the  «np;  bod^  very  eontnetile;  aninuJa  frequently  coIonUl: 
16  genera. 

Key  to  the  genera  of  YorticeliidM  here  deecribed: 
Oi  Aplioala  not  werile  and  withoat  k  stalk ;  paruttes  or  oommenaala  on  Htdru 

and  other  animals 1.  TnOHODiHA 

•)  Animals  sessile  and  stalked  and  not  parasitic,  although  olten  attached  to  other 


bi  Body  not  encloaed  in  a  cnp. 
Ct  Stalk  l<Hig  or  sbort  and  not  branched :  animals  solitary. 

ii  Stalk  long  and  (contractile 2.  TpBTnau.a 

^  Stalk  short  and  not  contractile. 
9i  On]  disc  acta  like  a  cover  (opercalnm)  wUdi  may  dose  the  opening  of 

the  cnp S.  Prximuic 

e.  No  each  cover 4.  Rhabdobtila 

c^  Stalk  branched ;  animals  coloniaL 
i.  Stalk  contractile, 
e.  Each  IndlTidnal  of  the  colony  can  contract  independently. 

S.  Casohxsidii 

e.  The  colony  contracts  as  a  whole 6.  Zoothaukiuu 

d.  Sulk  not  retractile,  bnt  rigid. 

ei  No  opercalnm 7.  EJpiarrus 

«!  Opercalnm  present 8.  Ofuodlabu 

b.  Body  eneloeed  in  a  traoaparent  cap 9.  COTHUUtia 

1.  Tbiohodira  Ebrenberg.  Body  sfaort,  eylindiical  or  dJse-sbaped 
with  a  ring  of  cilia  around  the  oircnlar  flat  base;  oral  end  also  flat: 
parasites  or  commensals  on  Hydra,  planaiians,  and  other  small  <"iim#l», 
also  on  the  gills  of  fishes,  attaching  itself  by  the  aneker-Uke  base  or  moving 
over  the  snrface  of  the  body;  sometimes  entopara- 
sitie  in  the  urinary  bladder  or  intestine  of  fish  or 
amphibians;  several  species. 

T.  pedictdna  Ehr.   (Fig.  119).     Length  .08 
nun- :  often  common  on  Hydra. 

S.  ToBTioxLLa  L.    Body  more  or  less  bell- 
diaped  with  the  oral  groove  extending  inwards        Ftg.  ii^—Triohadin* 
from  the  rim  and  with  a  long  stalk ;  nucleus  horse-  '         ** 

riioe-riiaped;  colorless  or  green  or  blue:  many  species;  b  salt  and  fresh 
water,  on  plants  and  »niiii»lii 

V.  nebnUfora  Ebrenbei^  (F^.  120).  Body  campannlate,  some- 
times green  in  color,  .07  mm.  long  with  a  stalk  4  times  as  long :  in  dear 
water. 

T.  eatnpannla  Ehr.  The  largest  VorticeUa,  with  a  body  2  mm. 
loi^  or  less,  bluish  in  oolor,  and  a  stalk  several  timea  as  long,  not 
annolated:  in  fresh  water,  often  in  clnmpe  on  water  plants. 

Y.  coDTallarla  L.  Body  ancnlated,  .1  mm.  long,  with  a  long  stalk: 
in  iofneions.  This  animal  is  interesting  becaose  it  was  the  flrst  micro- 
sec^ne  animal  discovered  by  Leenwenfaoek,  who  first  saw  it  in  April,  167S. 


V.  patellinft  O.  F.  Miiller  (Fig.  121).  Bod;  not  simulated,  with  a 
very  wide  oral  end ;  length  .05  mm. :  In  freeh  and  salt  water;  Woods  Hole. 

V.  muiu  Greef. 
Body  annulated,  .035 
mm.  long:  marine; 
Woods  Hole. 

3.  PrziDnm  Kent. 
Stalk  short  and  not 
contractile;  body  elon- 
gate and  elliptical,  with 
a  small  oral  end;  oral 
cilia  on  a  disc  called 
the  operculum  which  can 

n..  120  n«.  121  •='»*  '^°^  "^  "  li^- 

P.  ranuMa  Stokes. 
Length  .15  mm.:  in 
fresh  water. 

4.  BRAaDOBTTLA  Kent.  Like  VorUceUa  but  with  a  short  and  non- 
contractile   stalk;    bod;    hell'shaped   or   elongate, 

with  small  oral  end. 

£,  breripai  (Claparide  and  Lacbmann ) . 
Let^h  .1  mm. :  in  fresh  water. 

5.  OaxoHXBUni  Ehrenberg.  Richly  branched 
colonies  which  form  visible  grayish  masses  on 
water  plants  and  often  animals;  each  individual 
can  contract  independently:  several  species;  in 
fresh  water. 

0.  polTplnam  (L.)  (Fig.  122).  Body  broad 
and  fnnnel-shaped  and  about  J.  mm.  long:  com- 
mon in  freeh  and  salt  water. 

6.  ZooTKAMHiuii  Ehrenberg.  Like  Car<Ae- 
«itim,  except  that  the  colony  contraets  as  a  whole: 
several  species,  in  fresh  and  salt  water. 

Z,  arbnacnla  Ehr.  Body  more  or  less  eyl- 
indrical;  length  .05  mm.;  on  water  plants  in 
fresh  water. 

7.  EPilTTLie  Ehrenberg.     Like  Rhabdoityla, 

but  colonial;  whole  colony  rigid:  nnmerous  ape-       car^^ium  polvpte... 
cies;   in   fresh   and   salt  water,   often  on   small  (Dofleln). 

animals. 

E.  flavicang  Ehr.  (Fig.  123).  Body  beU-shaped,  .1  mm.  long:  in 
fresh  water. 
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8.  OraaoULASu  Ehrenberg.    Like  Pyndmm,  but  eolonul;  whole 
eolony  rigid:  8  species;  in  freeb  water. 

0.  amcnUU  Ebr.  Body  spindle- 
shaped,  traneate  at  lower  end,  and  .05  mm. 
long:  on  water  beetles. 

9.  OOTHUBHIA  Ehreo' 
berg.  Body  elongate  and 
endoeed  in  a  colorless  or 
brownisb  cap,  at  the  bot 
torn  of  which  it  is  at 
tached  and  into  which  it 
«an  retract;  cup  also  at- 
taebed  either  directly  or 

by  a  short  stalk:  nnme^  "*■  "* 

.         .      .      ,  ,  Cotftwmte    cr|i«- 

Fic-  123— BptotyHi  itovtooM      ons  species;  lo  fresh  and  tatutta 

(Conn).  „         .  (C»1Mm). 

salt  water. 

0.  dTsUDlna  Ebr.  (Fig.  124).     Length  of  cnp  .07  to  .2  mm.:  in 
fresh  and  salt  water;  Woods  Hole. 

SiiBCLABB  2.    SUCTOBIA. 

Usnally  sessile  Infutoria  which  have  no  eilia  as  adults  bnt  are  pro- 
vided with  long  hollow  tentacles  adapted  for  sucking  or  piercing;  they 
attach   the  tentacles  to  other  Infiuaria  and  suck  them  out;  some  are 
entoparasites  in  Infusoria:  8  families  with  abont  200  species. 
Eley  to  the  families  of  Svctoria  here  described : 

a.  Body  globular,  without  a  cup 1,  Podophkiidai 

a.  Body  not  globnlar. 

6i  Body  iMaall;  in  ■  cup  at  end  ot  a  slender  atalk 2.  Acinetidab 

6,  Body  witboot  cup  or  stalk ;  tentacles  knobbed 3.  Dehdboboiodai 

FuiaT  1.    PODOPHBTIDAE. 

Body  globtilar  and  not  in  a  cnp;  stalked  or 
not,  and  with  tentacles  of  difFerent  kinds,  some 
knobbed  and  some  acute:  6  genera. 

1.  Sfksbotbxta  Clapuride  and  Lachmann. 

Body  spherical  or  ovoid  and  without  stalk,  with 

knobbed  tentacles   radiating  from   all  sides :   f ree- 

Uving   in   swamps  and   infusions  or  entoparasites         Fig.  13C — iSpk«ro- 

jtfuya  mafffta 
in    Btetttor,    Paramecium,    and    other    oiliates;    4  (Conn). 

species. 

8.  magiu  Haupas   (Fig.  125).    Diameter  .06  mm.:  among  water 
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S.  PoDOPKXTA  Ehrenbei^.  Body  apherioal  or  ovoid  and  attaehed 
by  a.  etalk;  tentacles  lEiiobb«d  and  radiating  in  all  direetious,  either  in 
groups  or  not :  several  species ;  b  fresh  and  salt  vater. 

P.  gntdlia  Calkins  (IHg.  126).  Diameter  of  bodjr 
,008  nun.;  stalk  very  long,  measuring  .04  mm.:  in  salt 
water;  Woods  Hole. 

S.  Efsxloia  Wright.  Body  more  or  less  spherical, 
Tith  a  stalk;  tentacles  of  two  kinds,  being  either 
pointed  and  need  for  piercing,  or  short  and  cylindrical 
and  used  for  sueking:  8  species;  marine. 

E.  ooronato  Wr.  (F^.  127).  Diameter  of  body 
;09  to  .2  mm.;  stalk  three  times  as  long,  and  thickest 
at  the  body:  common  at  Woods  Hole  on  eampanula- 
lians,  hydroids,  etc. 

PiiOLT  2.    ACtNETIDAE. 

Body  usually  in  a  onp  and  usua%  stalked;  ten- 
tacles knobbed;  reproduction  by  endogenoas  budding, 
the  spores  being  ciliated:  4  genera. 
n«.  IM  1,  AoiHXTA  Ehrenberg.     Body  in  a  cup  with  a 

^^op*p'"^™-      stalk:  several  species;  in  fresh  and  salt  water. 

'a.  diviaa  Fraipont   (Fig.  128).     Body  .027  mm. 
long  and  does  not  fill  the  cup;  tentacles  long;  length  of  stalk  J.  mm.: 
a  on  Bryotoa  at  Woods  Hole. 


m.  las  Fif.  129 


,___ __.    laS-^olMta  *tvUa    (CilUiu). 

.    129— AOtMW    (UbATtMS    (CaUliu). 


A.  tnberosa  Khr.  (F^.  129).  Cup  very  delicate  and  often  difBoult 
to  see;  tentacles  in  usually  two  groups;  color  yellow;  length  of  body  .33 
mm.:  at  Woods  Hole,  in  salt  water. 
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S.  TozOTHXTA  BiitsehlL    Bodj  not  Id  a  enp  bnt  at  the  end  of  a 
stalk:  several  speeiea;  in  fresh  and  salt  water. 

T.  aaadzlpaitlta  (ClaparMe  and  Laolimaim).    Body  J  mm.  long:  in 
fresh  water. 

FuoLT  3.    DENDBOSOUIDAE. 

Body  without  flap  or  stalk;  tentacles 
knobbed  and  arranged  in  groups;  reprodactiou 
as  in  Acitteta:  3  genera. 

1.  TuoBOPHKTa  ClaparMe  and  Laofamann. 
Body  irr^alar  in  abape  and  spread  out;  fre- 
quently parasitic:  in  fresh  and  salt  water. 

T.  tolpanm  Knts.  On  the  branchial  bars 
of  Molfftila:  at  Woods  Hole;  often  conunon. 

S.  DsniKOBOltA  Ehrenberg.     Colonial  ani-        „...». 
mals  on  long  and  branehing  stalks  which  spring  nuHmu  (Dollelnf. 

from  a  creeping  base:  1  speoies. 

D.  radians  Ehr.  (Fig,  130).    Colony  up  to  2  nun.  high:  in  fresh 
water. 


PHYLUM  n. 
0(ELENTEBATA. 

Th«  eoileiiterates  are  ndiatly  sjmmetrical  anim&ls  which  possess 
but  a  single  internal  cavity  and  no  C4»lom  (Fig.  131).  This  cavity  is  a 
simple  apace  in  a  more  or  less  cylindrical  body  in  the  lowest  etelenter- 
ates,  biit  in  the  larger  ones  it  ia  often  extensively  branched.  The  body 
wall  is  composed  of  three  layers,  (1)  an  outer  cellular  layer,  the  ectoderm 
(Fig.  131),  (2)  an  inner  cellular  layer,  the  entoderra,  and  (3)  &  tissue 
between  them  called  the  middle  or  suppoiting  layer  which  is  skeletal  in 
function. 

This  middle  tissue  in  all  c«elenterates  but  the  Ctenophora  is  pri- 
marily Don-cellular,  being  a  secretion  of  the  cellular  layers,  and  is  called 
the    mest^lea;    in    the    simplest 
eases   (Hydrotoa)    (Fig.  131,  A) 
it  remains  non-cellular,  but  in  the 
targ«r  and  more  complex  forms 
(Fig.  131,  B)  it  becomes  cellular 
through   the  migration   of  cells 
into   it   from    the   ectoderm   or 
entoderm.    In  the  Ctenophora  the 
wit'?'(A"a":;™?fiSSr  S*na*(Bf  I'^iJS^     ="ddle  Uyer  is  primarily  ceUular, 
"B^Shig  Siy«."^*"°"  ''  "'"**'"°''  '•     being  a  development  of  the  em- 
bryonic mesenchyme. 
The  coilentenites  are  the  lowest  many-celled  animals  and  are  with- 
out most  of  the  org&ns  and  tisanes  which  characterize  the  highest  ani- 
mals.    Sexuality  is,  however,  fnlly  developed  in  all  of  them,  some  being 
hermaphroditic,  but  the  majority  being  unisexual.     Asexual  reproduction 
by  fission  or  budding  is  also  very  general  and  leads  to  the  formation  of 
extensive  colonies.    Yery  many  exhibit  the  phenomenon  of  alternation 
of  generation,  in  which  a  sexual,  often  free-swimming  generation  alter- 
nates with  a  sessile,  usually  colonial  and  asexual  generation. 

History.— ThiB   phylum   was   constituted   in    1847  by   R.    Leuckart, 

who  separated  the  polyps,  medusae  and  Ctenophora  (Kschscholts)  from 

the  Zoophyta-Radiata  of  Cnvier  and  his  contemporaries  and  called  them 

the  Ceelenterata.    He  showed  that  these  animals  should  be  included  in 
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one  and  the  same  phylum  inasmuch  as  they  are  without  a  eadom  and  the 
hydroid  and  medusa  are  usually  but  stages  in  the  same  life  history^  faets 
the  importance  of  which  had  only  very  recently  begun  to  be  understood. 
Trembley  (1744)  introduced  the  term  '^polypus"  because  of  the  fancied 
resemblance  of  Hydra  to  the  octopus,  the  polyp  of  the  ancients.  The 
term  '' medusa ''  was  employed  by  linnaus  and  the  older  writers  because 
of  the  resemblance  of  the  tentacles  of  many  jellyfish  to  the  snake-like 
curls  of  Medusa. 

The  phylum  is  composed  of  3  subphyla. 

Key  to  these  subphyla: 

Oi  Sponges ;  animals  sessile,  without  tentacles • 1.  Spokoiabea 

a,  Hjdroids,  jellyfish,  corals,  etc.;  no  cilia  or  outer  surface;  tentacles  nsuallj 

present 2.  CirmABiA 

Ob  Ctenophores ;  outer  surface  with  8  dilated  bands ;  2  tentacles  or  none. 

3.  CrsNOFHoaa 

SuBPHTLUM  1.    SPONGIABIA.*     (Pobifbba.) 

Sessile,  aquatic  ani- 
mals, with  but  few  spe- 
cialized organs  and  tis- 
sues, in  which  skeletal 
fibres  or  spicules  usually 
form  an  important  part 
of  the  body.  The  animals 
often  live  in  colonies  of 
irregular  form  in  which 
the  various  individuals 
are  indistinguishably  fused 
with  one  another.  Numer- 
ous pores  in  the  body  wall 
admit  water  into  an  in- 
terior chamber  called  the 
cloacal  cavity,  of  which  a 
laiige  opening  called  the 
oseulum  furnishes  an  outlet.  Sponges  are  without  tentacles  and  motile 
appendages  of  any  sort  and  the  adult  forms  have  no  locomotoiy 
powers. 

*  See  "Rep.  of  InTertebrate  Animals  of  ViDeyard  Sound  and  Adjacent  Waters/*  by 
A.  B.  Yerrill,  Rep.  of  U.  S.  Fish.  Com.,  1871.  "Porlferata/'  by  A.  Hyatt,  Stand. 
Nat.  Hist.,  Vol.  1.  1888.  ''Sponglaires,*'  by  Delage  et  H6rouard,  Traits  de  Zool. 
eonerftte,  1800.  "Sponges,**  by  E.  A.  Mlncben,  A  Treatise  on  Zoology,  1900.  "Sponges 
Collected  In  Porto  Rico.**  by  H.  V.  Wilson,  Bull.  Pish.  Com.,  Vol.  20,  Pt.  2,  p.  375, 
1900.  "Catalogue  of  Recent  Marine  Sponges  of  Canada  and  Alaska,**  by  W.  Lambe. 
OtUwm  NaturaUst,  Vol.  14,  1900.  "Biological  Survey  of  Woods  Hole  and  Vicinity,**  by 
F.  B.  Sumner  and  others.  BuU.  Bur.  Blsh.,  VoL  81,  1913. 


Fig.  132 — Diagrams  of  the  3  types  of  sponges 
(Boas).  A,  ascon  type;  B,  sycon  type;  C,  leucon 
type.  1,  oseulum ;  2.  cloaca ;  3,  pore  canals ;  4 
radial  canal ;  5,  flagellate  chambers. 


72  C(ELENTEEATA 

The  simplest  sponges  (Fig.  132|A)  are  usually  cylindrical  stmo- 
tureSy  either  colonial  or  not,  in  the  walls  of  which  are  numerous  pores 
through  which  water  streams  into  the  doacal  cavity;  the  osculum  is  at 
the  free  end  of  the  body.  The  body  wall  is  composed  of  three  layers, 
the  outer  ectoderm  or  dermal  epithelium  (Fig.  133,1),  the  middle  skeletog- 
enous  layer  or  mesoglea  containing  the  skeletal  elements  (2),  and  the 
entoderm  (3)  consisting  of  peculiar  cells  called  collar  cells  or  choano- 
cytes  which  line  the  interior  cavity.  Each  collar  cell  is  provided  with  a 
single  flagellttm,  the  base  of  which  is  surrounded  by  a  high  ridge  or 
collar. 

This  simple  structure  is  called  the  ascon  type  of  sponge.  Other 
sponges  have  what  is  called  the  sycon  type  of  structure  (Fig.  132,  B). 
In  this  the  middle  layer  is  much  thicker  than  in  the  ascon  type  and  from 
the  central  cavity  numerous  cylindrical  diverticula  called  the  radial 
canals  (Fig.  132,  B,  4)  extend  into  the  walls,  and  communicate  also  with  the 

outside  through  pore  canals  (3).  In  these  sponges  the 
collar  cells  are  confined  to  the  radial  canals,  the  central 
cavity  being  lined  with  a  flattened  epithelium.  Still  an- 
other type  of  sponge  (Fig.  132,  C)  is  called  the  leucon 
or  rhagon  type,  in  which  the  skeletogenous  layer  is  still 
Fig.  138  thicker  than  in  the  sycon  type  and  the  collar  cells  are 

sponge  (Lenden-      confined  to  widened  portions  of  the  radial  canals  called 
dtm  (ojSSJ?"       **^®  fiagellate  chambers  (5). 

poring  liyer^  ^^®  great  majority  of  sponges  belong  to  the  leucon 

8,  entoderm.         type;  in  these  the  middle  layer  constitutes  by  far  the 

greater  part  of  the  body  of  the  animals. 
The  ectoderm  forming  the  dermal  epithelium  in  all  sponges  is  a 
smgle  layer  of  fiattened  cells  which  in  a  few  cases  (Oscarella)  is  ciliated. 
In  many  sponges  the  ectoderm  is  more  or  less  glandular  and  in  all  it  is 
contractile,  the  contractile  elements  in  it  being  elongated  cells  called 
myocytes  which  form  sphincters  around  the  pores  and  oscula  and  often 
also  surround  the  cloacal  and  other  cavities;  the  ectoderm  is  also  some- 
times sensitive. 

The  mesoglea  varies  much  in  thickness  in  different  sponges,  being 
generally  thin  in  the  smaller  and  more  primitive  sponges  and  thick  in 
the  higher  and  larger  ones.  It  arises  as  a  secretion  of  the  ectoderm 
and  contains  various  cellular  elements,  and  usually  also  calcareous 
or  silicious  spicules,  or  horn-like  fibres  composed  of  a  substance  called 
spongin. 

The  spicules  are  of  a  great  variety  of  forms  and  fall  into  two  gen- 
eral groups  which  are  called  megascleres  and  microscleres  (Fig.  134). 
The  former  are  usually  elongate  or  radiate  in  form  and  are  often  bound 
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together  by  epongin  or  eonneetiye  tiBsue  fibres  or  aftieulate  together  to 
form  a  network,  and  constitate  the  supporting  framework  of  the  body. 
The  latter  are  minute  flesh  spieoles  of  a  variety  of  forms  which  are  scat- 
tered throughout  the  tissues. 

The  cellular  elements  of  the  mesoglea  fall  into  two  distinct  groups: 
(1)  Hioee  which  are  derived  from  the  eetodenuy  and  (2)  the  archeoeytes. 
The  former  migrate  into  it  and  are  either  seleroblasts  which  secrete  the 
spicules,  the  spongioblasts  which  secrete  the  spongin  fibres,  or  the  col* 
lencytes  or  connective-tissue  cells  which  are  distinguished  by  their  stel- 
late form  and  thread-like  pseudopodial  processes.  The  archeoeytes  are 
primitive  cells  derived  from  the  blastomeres  during  development,  which 
perform  a  variety  of  important  functions.  They  are  amoBboid  cells 
whieh  are  nutritive  in  function,  ingesting  and  digesting  food,  and  also 
supply  a  circulatory  element  in  that  they  aid  in  distributing  nutriment. 
They  also  give  rise  to  the  reproductive  elements — ^the  spermatozoa,  the 
ova,  and  the  gemmules* 

The  entoderm  con- 
sists uniformly  of  col- 
lar cells  in  all  sponges. 
The  flagella  of  these 
cells  do  not  act  in 
unison,  but  eadi  for 
itself,  and  have  for 
their  main  function  the 
creation  of  currents  in  ^  6 

the  water  whieh  bring  '^  *=»*^P'~ilUV^'llS^io"<SS,"°>"  ^' "^ 
the   animal   food   and 

oxygen  and  carry  away  the  wastes.  The  current  thus  produced  enters 
the  pores,  traverses  the  radial  canals  and  fiagellate  chambers  into 
the  doacal  cavity  and  passes  out  again  through  the  osculum.  The 
food  consists  of  organic  particles  and  minute  animals  and  plants; 
these  are  ingested  and  digested  by  the  collar  cells  in  the  lower, 
calcareous  sponges,  but  in  the  greater  majority  of  them  principally  by 
the  ammboid  archeoeytes.  No  special  excretory  or  respiratory  organs 
and  no  muscles,  nerves  or  sense  organs  are  present  in  sponges,  although, 
as  we  have  seen,  contractility  is  present  in  the  ectodermal  cells,  and  sen- 
sitiveness to  external  stimuli  is  often  noticeable. 

Sponges  have  three  methods  of  reproduction:  (1)  by  budding,  (2)  by 
the  formation  of  gemmules,  and  (3)  by  sexual  methods.  Budding  is 
simply  growth  which  results  in  the  formation  of  new  oscula,  each  oscu- 
Inm  representing  a  new  individual;  it  is  of  very  general  occurrence.  In 
a  fsw  sponges  the  bud  becomes  separated  from  the  parent  sooner  or 
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later  and  leads  an  independent  life,  but  in  most  of  them  the  bttds  are 
indisting^uishably  joined  together  so  that  a  colony  resolts,  the  members 
of  which  form  a  compact  whole. 

Gemmole  formation  occurs  in  all  fresh-water  and  some  marine 
sponges  and  is  a  provision  against  cold  weather  in  temperate  regions 
and  in  the  tropics  against  desiccation*  With  the  approach  of  the  nnf  a^ 
vorable  season,  archeocytes  migrate  to  one  spot  in  the  middle  layer,  the 
cells  of  which  secrete  a  capsule  around  them.  When  the  sponge  dies 
the  gemmule  falls  to  the  bottom  and  remains,  in  the  case  of  the  fresh- 
water sponge,  until  the  following  spring,  when  the  capsule  bursts  and 
the  archeocytes  within  move  out  and  develop  into  a  sponge.  Many 
fresh-water  sponges  live  through  the  winter,  however,  notwithstanding 
the  formation  of  gemmules. 

Some  sponges  are  hermaphroditic,  others  are  unisexual.  No  special- 
ized sexual  organs  are  present,  the  ova  and  spermatozoa  developing  from 
the  archeocytes.  The  ciliated  larva  swims  actively  about  in  the  water, 
but  finally  attaches  itself  and  after  a  metamorphosis  develops  into  the 
adult  animal. 

Sponges  are  world-wide  in  their  distribution  and,  with  the  exception 
of  the  Spangillidae,  are  all  found  in  the  sea,  where  they  range  from 
tide  lines  to  very  great  depths.  The  fresh-water  sponges  occur  in  lakes 
and  streams  in  all  countries. 

Hiv^ort/.— Aristotle  was  acquainted  with  sponges  and  knew  that 
they  were  animals,  although  he  notes  their  likeness  to  plants.  Through 
the  ages  following  his  times,  opinions  differed  concerning  them,  some 
people  believing  them  to  be  plants,  others  animals,  while  many  ascribed 
both  an  animal  and  a  plant  nature  to  them.  Ellis  (1765)  first  described 
the  currents  of  water  which  stream  into  and  out  of  sponges.  Lamarck 
classified  them  with  polyps.  Robert  Grant  (1825)  definitely  proved 
their  animal  nature,  showing  that  water  flowed  into  the  sponge  through 
numerous  minute  pores  and  out  through  the  oscula,  and  he  correctly 
inferred  that  ciliary  action  caused  the  flow.  Many  competent  natural- 
ists, however,  still  believed  them  to  be  plants,  and  the  question  was  not 
finally  settled  until  about  1870  or  later.  H.  J.  Clark  (1866)  first  demon- 
strated the  collar  cells  and  laid  the  foundation  for  the  belief  which  pre- 
vailed for  some  time  that  sponges  are  colonial  flagellate  Protozoa,  The 
embryological  investigations  of  F.  E.  Schulze  and  others,  however,  have 
tended  to  overthrow  this  belief,  and  sponges  are  at  present  usually 
classified  under  the  Metaeoa  either  as  a  separate  phylum  or  under  the 
Coelenterata, 

The  Spongiaria  include  about  2,500  living  and  a  large  number  of 

fossil  species,  and  are  grouped  in  3  classes. 

s.      % 
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Key  to  the  eluses  of  Spoftgiaria: 
0,  Small  marine  cponses  wltli  calcarcona  •picoles  and  Urge  colUr  celb  and 

moatly  under  2  cm.  In  length I.  Cauuxka 

Ut  U*iuUr  larger  ■pongea  with  liUcioiu  ■picnlea  or  Bpongiii  fibres,  or  both,  or 
witiiont  either. 

b,  QIbm  aponsei ;  ipiciiles  nanallj  flix-ra;ed 2.  HEU<niKnjJDA 

6,  MoBBiTe  ipoaxcfl  without  aix-rayed  apicnlea ;  akeleton  of  aUiciooa  aplcalea, 
aponxiu  or  both,  or  wantioc 3.  DntOSFONOUK 

Class  1.    OALOABEA.*  '^ 

Hflrine  aponges  of  amall  sue  with  l-rayed,  3-nyed  or  4-rafed  cal- 
careous spieulee;  most  of  them  are  oyliDilrieal  in  ohape,  eolorlesB,  either 
solitary  or  eolonial,  and  live  in  shallow  water:  2  orders  with  aboot  150 


Key  to  the  orders  of  Calcarea: 
a.  Body  wall  thin  and  porooa;  central  caTlty  lined  with  collar  celU. 

1.  Hoiioaxi^  " 
a,  Bodf  wall  not  thin ;  central  ctvitr  witboot  collar  cella 2.  BrnaoooiA  >^ 

Obdkb  1.     HOHOOCELA. 

Very  simple,  thin-walled  sponges  in  which  the  central  cavity  con- 
tains the  collar  cells;  each  pore  in  the  body  wall  is  a  perforation  of  a 
single  thickened  dermal  cell  leading  into  the  cavity :  2  families  and  over 
50  speeiea. 

Family  LBUC080LENIIDAE. 

With  the  oharaeters  given  above;  no  radial  canab  or  flagellate 
chambers;  with  straight,  triradiate,  or  qoadrirediate  spicules:  4  gener*. 

1.  LxTTOOHUaru  Bowerhank.  Usually 
colonial,  although  sometimes  simple 
sponges,  consisting  of  a  mass  of  narrow 
anastomonng  tubes:   numerous  species. 

It.  botiyoidea  Bow.  (Fig.  135).  Sponge 
up  to  35  mm.  long,  ivory  white  in  color,  and 
eonaisting  of  a  mass  of  slender  tubes; 
spicules  1  and  3-rayed  and  faint  yellow  in 
color:  in  shallow  water;  Martha's  Vine- 
yard to  Gulf  of  St.  Lawrence;  Europe.         "*■  ^^H^'^^^^,  ^*^ 

L.  cancellata  Yerrill.    Sponge  massive, 
consisting  of  small  anastomosing  tubes,  up  to  3  cm.  in  length  and  yel- 
lowish in  color:  walls  thin,  with  triradiate  and  quadriradiate  spicules: 
Caaco  Bay  to  Arctic  Ocean. 

•  8c«  "Die  KalkMihiAmme,"  br  D.  Haeckal,  1873. 
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L.  ftaglUl*  Haeckel  {Aacortit  fragiUa  Haeck.).  Color  white  or  yel- 
lovish;  spiciJes  both  straight  or  somewhat  arched  and  triradiatei  sep- 
arate individuals  1  to  1^  mm.  long;  eolony  6  to  10  mm.  in  diamet«r:  in 
shallow  water  from  Long  Island  Soond  to  Qulf  of  St.  Lawrence; 
oommon;  Enrope. 

Obokb  2.    HET£BO0(EL&. 

Small  sponges  iisnaUy  more  or  less  cylindrical  in  fonn  with  thick 
walls  and  a  cloacal  cavity  lined  with  a  flat  epithelinm  and  not  with  col- 
lar cells,  the  latter  being  confined  to  more  or  less  well-defined  chambers 
or  in  radial  tubes  which  are  joined  by  means  of  small  inhalent  dermal 
canals  with  the  outside;  either  solitaiy  or  colonial:  6  families  and  aboat 
90  species. 

pA3lttT  1.    GEANTIIDAE. 

Radial  tubes  extending  outwards  from  the  cloacal  chamber;  distinct 

and  continuous  layer  (dermal  cortex)  peripheral  to  the  radial  canals;  no 

conspicuous  quadriradial  spicules  lia- 

ing  eloacal  cavity :  about  13  genera  and 

40  species. 

1.  Okuttia  Fleming.  Triradial 
spicules  filling  mesi^lea  and  projecting 
into  cloacal  cavity;  cortex  thin:  20 
species. 

a.  dllaU  (i^brieius)   (Fig.  136). 

Solitary  sponges,  12  mm.  high  and  3 

mm.  thick;  2  kinds  of  monaxial  spie- 

Fi«.l36-o«,«(tecHto(«<KelloK).      "'l"*.    *    '""Sfer    kind    protecting    the 

^■toSgl?;<U«l'*!jSi?i'"^  osculum  and  a  shorter  in  the  cortex 

protecting  the  inhalent  canals:  Rhode 

Island  to  Greenland,  from  low  water  line  to  60  fathoms;  Europe;  often 

common. 

O.  canadnuis  Lambe.  Body  3  nun.  high  and  1  mm.  thick :  QxM  of 
St.  Lawrence  and  northerly. 

Familt  2.    LEtTOONIDAE. 

Collar  cells  in  spherical  flagellate  chambers  from  which  branched, 
exhalent  canals  extend  to  the  cloacal  cavity :  6  genera. 

ZiBiroASSXA  Haeckel.  Spicules  without  r^ular  arrangement:  many 
species. 
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K  taflorl  Lunbe.  Sponge  small,  solitary,  ^loboee,  6  mm.  high  and 
4.5  mm.  thick,  with  thick  Tails  and  a  narrow  cloacal  caTity;  spicoles 
triradiate,  with  long  monazials  protecting  the  oaoulun:  Vancoaver 
Island. 

FjJULT  S.    AUPH0BI8CIDAE. 

Conspionons  snbdermal  qnadriradiate  apicales  with  elongated  in- 
wardly directed  rays:  5  genera. 

AxPKOUKm  HaeckeL  Cortex  thin;  spionles  triradial  and  qoadri- 
radial:  several  species. 

A.  thompeoni  Lambe.    Qnlf  of  St.  Lawrence. 

Class  2.    HEXACTIMELLIDA.*     (Tbiazonu.)     l^ 
Glass  sponges.     Sponges  with  usually  rather  thin  walls  and  a  large 
cloacal  cavity  giving  them  a  more  or  less  tubular  or  basket-like  shape; 
Bpienlee  siLcious,  consisting  of  3  crossed  axes  making  them  either  6-rayed 
or  belonging  to  the  S-rayed  type,  and  either  soli- 
tary or  joined  to  form  a  continnous  skeleton 
which  often  has  the  appearance  of  spun  glassy 
cloacal  cavity  lai^  and  nnnsually  more  or  less 
cylindrical,  nsnally  with  simple  radial  flagellate 
chambers  opening  out  from  it,  the  wall  of  the 
cloacal  cavity,  however,  often  folded  and  the 
chambers  branched:  about  12  families. 

Family  1.    ViVmFA'VVlliliWA'^; 

Body  elongate,  nsnally  curved  or  twisted; 
spicnies  joined  tc^ther  forming  a  network; 
upper  end  the  larger  with  a  terminal  sieve-like 
plate;  lower  end  with  nanally  a  mass  of  long 
silicious  threads  which  fasteos  the  animals  in 
the  mud:  several  genera. 

EtttlboxzllA  Owen  (Fig.  137).  With  the  characters  of  the  family: 
several  species. 

E.  niberaa  Wyvilla  Thomson.  Body  a  straight,  cylindrical,  slightly 
swollen  tube,  25  em.  long  and  5  em.  in  diameter:  West  Indies,  in  deep 
water. 

FAunY  2.    HTALONEMATIDAE. 

Body  globose,  elongate  or  cnp-ehaped  with  a  long  stalk  eompoeed  of 
lon^  twisted  silicious  strands ;  several  genera. 

HTALOnaa  Gray.     Body  funnel  or  cup-shaped:  several  species. 

•  Bee  "Raport  od  tbe  HexaetliwlUda,"  b;  V.  B.  8«halie,  ChUL  Rep..  To).  21, 1887. 


78  CCELENTERATA 

H.  longiflsiaiiuii  Verrill.    Length  40  cm.:  in  60  to  95  fathoms  off  the 
New  EngUnd  coast. 


Glass  3.    DEMOSPONOIAE. 

Usually  massive  and  often  brightly  colored  sponges  with  thick  walls 
and  small  round  flagellate  chambers  connected  by  branched  exhalent 
canals  with  the  cloacal  cavity ;  spicules  very  varied  in  f onui  being  often 
monaxonic  and  straight  and  needle-like,  or  tetraxonic  with  4  crossed  axes, 
giving  them  8  rays;  spongin  either  present  with  the  spicules  or  not,  or 
the  fibres  alone  may  be  present  or  both  be  wanting:  4  orders. 

Key  to  the  orders  of  Demospongiae : 

Ox  Skeleton  formed  of  tetraxonic  silicious  spicules  of  a  variety  of  forms  without 
needle-like  spicules  and  without  spongin ;  in  rare  cases  no  skeleton. 

1.  TBTBAOnWELLIDA  ""^^ 

a.  Skeleton  of  needle-like  spicules  with  often  others  and  with  or  without  spongin 

fibres 2.  MoNAcnNiaxmA  *^ 

0|  Skeleton  of  spongin  fibres  alone 3.  Gebaospoitgiai: 

a«  Skeleton  entirely  wanting 4.  Mtxosponqiak 

Obdeb  1.    TETKAOTINELLIDA.* 

Spongos  with  usually  a  hard  outside  crust  or  cortex  containing 

megascleres  which  form  the  principal  framework  of  the  body,  micro- 

Bcleres  occurring  throughout  the  mesoglea  and  being  of  a  variety  of 

forms,  but  usually  reducible  to  the  tetraxonic  type:  8  families  and  over 

325  species. 

Familt  1.    THENEIDAE. 

Body  usually  more  or  less  mushroom-shaped  with  the  osculum  in  the 
center:  1  genus. 

Thsvsa  Gray.    With  the  characters  of  the  family :  several  species. 

T.  edunata  Verrill.  Body  5  to  10  cm.  broad  and  not  quite  so  high, 
with  a  short,  thick  stalk;  upper  portion  with  radiating  bundles  of  spicules 
which  project  beyond  the  surface:  New  England  coast  north  of  Cape  Cod. 

Familt  2.    GEODIIDAE. 

Body  globose  with  a  thick  crust,  provided  with  masses  of  spherical 
spicules:  about  8  genera  and  180  species. 

GsoDiA  Lamarck.  Tetraxonic  needles  radially  arranged  and  con- 
fined to  the  periphery;  oscula  sieve-like,  in  groups;  incurrent  openings 
also  sieve-like  and  scattered :  70  species. 

G.  mtUleri  (Fleming).  Spherical  or  flattened  in  youth,  later  irregu- 
larly lobed;  diameter  and  thickness  sometimes  30  cm.:  cosmopolitan; 
Jamaica;  West  Indies. 

•  Bee  "Tetraxonia,"  by  B.  von  Lendenfeld,  Das  Tierrrich,  1903. 
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Obdbb  2.    KONAOTINEUJDA. 

Sponges  in  which  the  skeleton  consists  of  needle-like  (monaxonic) 
spicules  and  sometimes  other  kinds,  with  or  without  spongin  fibres:  20 
families,  grouped  in  2  suborders,  and  numerous  species,  constituting  the 
majority  of  all  sponges;  mostly  in  shallow  water;  1  family  in  fresh 
water. 

Key  to  the  suborders  of  MonactinelUda: 

Oi  Sponge  compact,  usually  massiye 1.  Haoboksrina 

0,  Sponge  not  compact,  usually  with  spongin 2.  Haughoitobiita 

SuBORDEB  1.    HADROMEBINA. 

Body  compact,  having  a  hard  outside  crust  or  cortex,  and  usually 
massive  but  sometimes  cup-shaped  or  stalked;  spongin  absent  or  very 
poorly  developed:  8  families. 

Family  1.    TETHYIDAE. 

Body  spherical,  with  slight  projections  on  the  surface  caused  by  the 
protrusion  of  the  end  of  bundles  of  long  needles  (megascleres)  without 
beads  which  extend  radially  from  the  centre  of  the  body;  no  spongin 
fibres  present:  6  genera. 

Tethta  Lamarck.  Body  with  a  thick,  leathery  rind  and  the  form 
and  color  of  a  small  orange :  several  species. 

T.  hispida  Bowerbank.    In  8  to  35  fathoms  in  Caseo  Bay,  Maine. 

Family  2.    SUBEBITIBAE. 

Form  massive;  substance  compact  and  firm;  spicules  (megascleres) 
are  needles  with  heads;  without  microscleres  or  spongin:  15  genera. 

SiTBBXiTBB  Nardo.  Form  various,  often  massive,  sometimes  pedun- 
culate; outer  surface  smooth :  15  species. 

8.  compacta  Verrill.  Body  irregular,  being  an  elongated  mass 
attached  by  one  edge;  length  up  to  15  cm.;  width  and  height  2  to  8  cm.; 
color  bright  yellow;  surface  smooth;  oscula  inconspicuous:  Maine  to 
Viiginia  in  shallow  water;  often  on  the  shells  of  hermit  crabs. 

Family  3.    POLYMASTIIDAE. 

Form  massive,  often  spherical,  with  long  needles  extending  radially 
from  the  centre;  with  the  surface  covered  with  small  protuberances, 
some  of  which  have  an  osculum;  no  microscleres  or  spongin:  13  genera. 

PoLTXABTXA  Bowerbank.  Smaller  needle  and  pin-shaped  spicules 
in  addition  to  the  radial  ones  present. 

P.  robnrta  Bow.    Form  irregular;  color  yellow  or  gray;  diameter 
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up  to  30  cm.;  with  finger-like  branches  4  to  10  mm.  long:  North  Carolina 
to  Maine  and  northerly  in  1  to  8  fathoms;  very  common  in  Long  Island 
Sound;  Europe. 

Familt  4.    GLIONIDAE. 

Sponges  which  bore  in  shells  or  limestone  by  some  process  not 
understood;  monaxial  spicules  of  various  forms:  4  genera. 

OzjOHA  Grant.  The  sponge  begins  its  existence  by  boring  in  the 
dead  or  living  shells  of  various  moUusks;  it  honeycombs  the  shell,  and 
after  having  destroyed  it,  grows  over  it,  forming  a  mass  often  15  or  20 
em.  in  diameter,  on  the  surface  of  which  are  small  elevations. 

0.  celata  Grant.  Sulphur  sponge.  Color  brigJit  yellow:  very  com- 
mon from  South  Carolina  to  Maine  in  1  to  12  fathoms;  cosmopolitan. 

Suborder  2.    HALICHONDRINA. 

Body  not  compact  but  usually  fibrous,  without  a  cortex;  spongin 
usually  well  developed:  13  families. 

Family  1.    SPONGILLIDAE.* 

Fresh-water  sponges.  Body  variable  in  shape  and  forming  an  ins- 
ular mass  incrusted  on  stones,  sticks,  plants,  etc.,  up  to  the  size  of  the 
hand,  or  larger,  and  yellow  or  brown  in  color,  or  green  where  exposed  to 
the  sunlight,  as  the  result  of  the  presence  of  zoochlorellae;  spicules  of 
two  principal  kinds,  (1)  the  megascleres,  slightly  curved  needles  or  rods 
occurring  in  the  mass  of  the  sponge  and  (2)  the  microsderes,  much 
smaller  needles,  rods  or  amphidiscs  (two  star-like  plates  joined  by  a  rod) 
(Fig.  139,  B)  which  occur  in  the  sponge  or  form  the  shell  of  the  gem- 
mules;  asexual  reproduction  by  gemmules,  these  being  globose  buds 
about  .5  mm.  in  diameter,  which  may  occur  throughout  the  sponge,  being 
present  mostly  in  the  latter  part  of  the  summer  and  in  the  fall:  about 
10  genera  and  50  species,  of  which  21  occur  in  this  country ;  in  fresh  and 
sometimes  brackish  water,  both  in  running  streams  and  in  ponds  and 
lakes,  from  the  surface  to  a  depth  of  200  feet;  cosmopolitan. 

Key  to  the  American  genera  of  SpongiUidae: 

a,  Gemmules  without  tendrils  or  projections. 

b,  No  amphidiscs  present 1.  Sfonoula 

5,  Amphidiscs  present. 
Oj  Discs  of  amphidiscs  of  same  size. 

di  Bat  one  type  of  amphidiscs 2.  Efhtdatia 

<^  Two  types  of  amphidiscs 3.  HETEROliXTBiriA 

0^  Discs  of  unequal  slse 4.  Tubella 

o,  Gemmules  with  tendrils  or  projections 5.  Cabtbbius 

*  See  "A  MoDograpb  of  the  Fresh  Water  Sponges,"  by  B.  Potts,  Proc.  Acad.  Nat. 
Scl..  Phlla.,  for  1887.  "Sponginidae."  by  W.  Weltner.  Sflssw.  F.  Deutschl.,  Heft 
19.  1809. 
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1.  SnsoiLLA  lAmarck.  Gemmole  without  vnphidiscs,  bat  sui^ 
rounded  by  needles  or  rods  alone;  large  needles  neually  smootb:  17 
species,  6  American. 

8.  iMostriB  (L.)  (Fig.  138).  Sponge  branching  and  usually  green, 
with  smooth  longer  (megascleres)  and  rough  shorter  (microseleres) 
needles;  genunules  surrounded  by  spiny  curved  rods,  but  occasionally 
without  them,  and  often  scarce  until  late  in  the  fall :  cosmopolitan,  pre- 
ferring running  water  and 
sunlight;  the  cotomoiiest 
£resh-water  sponge. 

8.  fragilifl  Leidy.  Sponge 
not  branching,  growing  in 
flat  patches,  usually  yellow 
or  brown  but  occasionally 
green  in  color;  genunnles 
abundant,  in  one  or  more 
layers  at  the  base  of  the 
sponge;  large  needles  smooth;  no  mieroederes  in  body  of  sponge:  in 
standing  and  running  water  and  avoiding  the  light;  next  to  the  above, 
the  commonest  species.  , 

2.  STHnATU  Lamouroux  {iSeyema  Carter).  Gemmnle  with  amphi- 
dises  all  of  one  type :  17  species,  8  American. 

E.  flVTiatOis  (L.)  (Fig.  139).    Sponge  massive,  occasionally  lobate; 

color  yellow  or  brown,  sometimes  green;  needles  smootb 

or  rough  with  only  the  tip  smooth;  no  smaller  needles 

present:  cosmopolitan;  in  standing  and  mnning  water, 

preferring  the  former. 

3,  HcTsaoiEETxnA  Potts.  Similar  to 
Ephydatia,  but  the  gemmule  has  amphidiaes 
of  two  different  types,  the  less  numerous 
being  much  longer  than  the  other  and  with 
long  hooked  rays  on  the  discs :  3  species,  all 
American. 

H.  rydarl  Potts.  Sponge  massive, 
often  hemispherical,  lobed,  light  green  in 
color;  needles  rough,  except  at  the  tips;  long  ampbidises  with  spiny 
shaft  and  discs  consisting  of  3  to  6  recurved  hooks;  short  amphidiscs 
mth  usually  smooth  shaft  and  large  flat  discs:  eastern  and  central 
North  America,  in  shallow-flowing  water. 

4.  TUBXLIA  Carter.  Discs  of  amphidisc  of  very  unequal  sise,  giv- 
ing it  the  shape  of  a  collar  button;  needles  rough,  sometimes  with 
rounded  tips:  5  species,  1  American, 


■S« 


FIk.  13B — Ephydatia  fiuvla. 
Ulit.  A,  CDtlre  apange  attaclied 
la  B  stick:  B,  amptaldlBCS  Id 
(«mmal«    (BlUaw.    F,    Deot). 
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T.  pemu^Taoica  Potts.  Sponge  minute,  being  6  mm.  in  diameter, 
incruBting,  grny  or  gi'een  in  color;  gemmnles  very  nnmerous:  eastern 
North  America,  in  shallow  water. 

6.  Oaxtxsito  Potts.  Aperture  of  gemmule  with 
a  chitinons  lining  which  is  prolonged  into  a  tube 
which  is  expanded  at  its  outer  margin  and  often 
divided  into  long  tendrils:  5  species,  3  American. 

CtenospomaPotts  (Fig.140).   Sponge  yellowish- 
green;  needles  rongh,  both  long  and  short  being  pree- 
"K-  ^^^  ent;  gemmules  with  3  to  5  twisted  tendrils  which  may 

mule  a"  cor^NM      be  12  mm.  long;  amphidiscs  as  in  Bphydatia:  eastern 
(SOMirl'rDcDt).     United  States;  on  water  plants  or  ehells. 

Familt  2.    CHALINIDAB. 

Form  various;  usually  branched;  spongin  fibres  often  well  devel- 
oped; spicules  needle-shaped;  some  species  form  gemmules  like  fresh- 
water sponges:  about  40  genera,  all  marine. 

Key  to  the  genera  of  Cftalinidae  here  described: 

Oi  Spongin  fibres  form  a  regular  network 1.  Ghausa 

o,  SponKin  fibres  little  developed. 

bt  Spicolea  connected  et  their  tips  to  form  a  network 2.  REnmA 

b,  Spicales  confDBedl;  massed  together 3.  Hauoondria 

1.  Oeauva  Bowerbank. 
Spoi^es  in  which  the  spongin 
forms  a  regular  rectangular 
network  in  which  the  spicules 
are  imbedded:  several  species. 

0.  ocnUta  (Pallas)  (Fig. 
141).  Finger  sponge.  Thick, 
more  or  less  flattened,  forked  or 
digitate  stalks  with  roond  ori- 
fices 2  mm.  in  diameter  scat- 
tered over  them;  color  orange 
or  red:  very  common  from 
Rhode  Island  to  Labrador,  in 
1  to  80  fathoms. 

0.  arbnsciila  Yerrill.    Dead 

men's  fingers.     Body  a  cluster 

of  branches,  10  to  20  cm.  long 

'  .      ,.  „  Fl«.  141— eftoHM  oculofa  (ShafferJ. 

and  5  to  10  mm.  iii  diameter,  of 

delicate  texture  and  white  or  gray  in  color:  North  Carolina  to  Cape  Cod 

ia  1  to  8  fathoms;  very  common  in  Long  Island  Soond. 
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S.  BxaiBBA  Schmidt.  Form  various,  very  fragile,  easily  pul- 
verized; spoDgin  very  little  developed;  spicules  straight  needles 
joined  at  their  t^w,  and  arranged  to  form  a  network:  numerous 
species. 

B.  mollis  Lambe,  Body  massive,  lobate,  9  cm.  long,  5  em.  high  and 
3  cm.  thick;  oseula  lai^,  5  torn,  in  diameter;  surface 'rough ;  color  yel- 
lowish: bibrador;  Vancouver. 

3.  Ealioohsbu  Fleming.  Massive  sponges  of  various  shapes  with 
needle-like  q>iculea  confusedly  massed  together,  and  with  but  little 
spongin :  numerous  species. 

H.  panteea  (Pallas).  Color  gray,  yellowish  or  orange:  from  Rhode 
I&land  to  the  Arctic  Ocean,  in  4  to  S  fathoms;  Europe. 

Fawly  3.    E8PEBELLIDAE. 

Form  various,  a  distinct  network  of  spongin  being  present  with 
needles  of  various  forms,  one  of  which  is  C-shaped:  numerous  genera. 


Fig.  143— SIvlDfeHo  hellophlla  (Parker). 

1.  ElFXSXIXA*  Yosmaer.  Amorphous  sponges  with  needle-like  spic- 
ules predominating;  spongin  usually  distinct:  several  species. 

E.  flbmills  H.  V.  Wilson.  Irregular  sponges,  yellowish-brown  in 
color,  about  10  cm.  in  diameter,  covered  with  algae,  hydroids,  etc., 
with  a  dermal  membrane,  beneath  which  are  subdermal  cavities; 
spicules  few;  genunules  formed  during  the  summer:  Woods  Hole,  on 
docks. 

2.  HiOKOOlOHA  Bowerbank.  Sponge  incrusting  and  irregular  in 
form,  with  straight  or  bent  needle-like  spicules  and  stout  spongin  Sbres: 
cosmopolitan. 
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M.  prolifara  (Ellis  and  Solander)  (Fig.  142).  Bri^t-ied  sponges 
inenisting  on  stones,  shells,  etc.,  when  young,  rising  in  digitate  masses 
sometimes  15  cm.  high:  South  Carolina  to  Cape  Cod  from  low  water 
mark  to  10  fathoms;  very  common  in  Long  Island  Sound. 

3.  Sttlotella*  Lendenfeld.  Erect,  inenisting  sponges  with  very 
little  spongin  and  with  needles  in  bundles;  no  microscleres;  texture  soft, 
no  hard  rind  present. 

8.  heUophila  H.  V.  Wilson  (Fig.  143).  Yellowish  sponges,  either 
massive  or  with  erect  finger-like  processes,  5  to  10  cm.  long  and  5  cm. 
high :  common  on  stones  and  shells  in  shallow  water,  North  Carolina. 

0RDE8  3.    0ERA08P0N0IAB. 

Sponges  in  which  the  skeleton  consists  of  a  close  network  of  spongin 
fibres  without  proper  spicules :  4  families  and  about  40  genera,  which  are 
found  in  tropical  and  subtropical  seas. 

Fahily  1.    SPONGTTDA'R. 

Commercial  sponges,  f  Spongin  fibres  solid,  with  a  slender  axial 
core  and  frequently  enclosing  foreign  bodies,  such  as  sand;  fiagellate 
chambers  small  with  special  openings  by  canaliculi  into  exhalent  cavities: 
7  genera  and  about  20  species,  the  fibrous  skeleton  of  many  of  which  is 
used  for  commercial  purposes. 

1.  ExrsPOVGZA  Bronn.  Body  massive  with  slender  spongin  fibres 
and  very  small  meshes;  simple  main  fibres  usually  containing  sand,  tho 
finer  connecting  fibres  without  sand:  about  12  species;  cosmopolitan. 

E,  officinalis  (L.).  Levant  sponges.  Fibres  very  elastic;  form  usu- 
ally more  or  less  globose,  often  lobed,  cup-shaped  or  lamelliform;  color 
in  life  dark  brown,  being  lighter  beneath  and  on  the  sides :  eastern  Medi- 
terranean; Bahamas;  West  Indies;  Australia;  in  1  to  100  fathoms; 
several  varieties  are  known,  of  which  the  most  valuable  is  the  light  yel- 
low cup-shaped  E.  mollissitna  from  Asia  Minor.  The  American  variety, 
the  so-called  glove  sponge,  is  one  of  the  least  valuable  commercial 
sponges. 

2.  HiPPOSPOHOlA  Schulze.  Horse  sponges.  Body  massive  and  per- 
meated by  large,  often  cavernous  canals;  fibres  delicate  and  forming 
an  irregular  network:  about  20  species. 

*  See  "The  Reactions  of  Sponges,"  etc.,  by  G.  H.  Parker,  Jonr.  Bxper.  ZooL,  VoL 
8,  p.  1, 1910. 

t  See  "Revision  of  Nortb  American  Porlferae,  Pt.  I  and  II,"  by  A.  Hyatt,  Mem. 
Boat  Soc.  Nat.  Hist.,  Vol.  2,  1875  and  1877.  'Tbe  Sponge  Fishery  and  Trade,"  by 
R.  Rathbun,  U.  8.  Com.  of  Pish.,  Sect.  5,  Vol.  2,  p.  817,  1887.  "The  Commercial  Sponges 
of  Florida,"  by  H.  M.  Smith,  Bull.  U.  8.  Fish.  Cora.,  Vol.  17,  p.  225,  1897.  "The 
Commercial  Sponges  and  Sponge  Fisheries,"  by  H.  F.  Moore,  Bull.  Bur.  Fish.,  Vol.  28, 
p.  403.  1910. 
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K.  KOMTpint  Hyatt.  Sheepswool  sponge  (Fig.  144).  Form  vari- 
able;  surface  with  munerous  projeetione,  betweea  which  are  the  laige 
oeenla:  Florida  and  the  Bahamaa;  the  most  valuable  American  spoBge. 

E.  •ftuioa  Schmidt.  Hone  sponge;  yellow  sponge;  grass  sponge; 
velvet  sponge.  Body  massive,  of  coarse  fibre  and  with  extensive  canal 
system:  Mediterranean;  West  Indies;  Florida;  much  less  valuable  than 
the  above. 

3.  Oaoosposou  Schmidt.    Fi- 
bres rather  coarse  and  brittle;  main 
fibres  distinct  from  the  connecting    - 
fibres ;  meshes  large :  several  species. 

0.  spongelifonnls  H.  V.  Wil- 
son. Body  cylindrical,  somewhat 
branching,  25  cm.  long,  7  mm. 
thick;  texture  solid,  with  subder- 
mal  cavities;  surface  covered  with 
minute  conical  elevations;  dermal 
membrane  with  numerous  shells, 
sand,  etc.,  imbedded  in  it:  West  ^-  "<— mj-gJwMoiW'W** 

4.  HnomA  Nardo.  Form  variable,  sometimes  very  large;  charac- 
teristic filaments  present  found  in  no  other  sponges,  which  are  3  or  4 
mm.  long,  very  fine  and  swollen  at  the  ends:  oumerous  species. 

H.  acuta  Hyatt.  Body  IQ  cm.  high,  massive,  with  several  oscula; 
surface  with  small  protuberances;  filaments  in  many  places  in  bundles; 
color  gray,  in  life  blackish :  West  Indies. 

Family  2.    APLYSINIDAE. 

Fibres  hollow,  without  foreign  ioclusions;  flagellate  chambers  small; 
form  various:  4  genera. 

Aplysiva  Nardo.  Form  various  but  usually  digitate;  fibres  form  a 
close  network;  surface  with  protuberances:  numerous  species. 

A.  flagellifonnia  Carter.  Body  10  em.  long,  cylindrical,  branching, 
7  mm.  in  diameter,  daric  red  in  color:  West  Indies. 

0IEDXB4.    UTZOSPOKaiAE. 
Spoi^es  without  skeleton  of  any  kind:  2  families. 

Family  HALI8ABCIDAE. 
Slime  sponges.    Body  inemsting  and  soft,  vrith  elongate,  sac-like 
flagellate  chambers:  3  genera. 
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AOA  Dujardin.     Body  small,  soft  and  irregular,  with  lai^ 
OBcnla  eomewhat  elevated:  several  species. 

H.  dnjardinl  Johnston.  Small,  pale-yellow,  gelatinous  sponges  grow- 
ing on  red  a^e :  in  5  fathoms,  oS  Rhode  Island. 

SuBPHYLUM  2.    CNIDARIA.* 

Jellyfish,  hydroids,  corab,  etc.  Aqnatic  onimab,  either  sessile  or 
free-Bwinuning,  in  which  the  body  possesses  a  single  internal  cavity,  the 
gastrovascular  space  (Fig.  131).  This  has  nsuatly  a  single  opening  to 
the  ontside,  which  ia  called  the  mouth,  and  is  the  common  digestive  and 
circolatory  cavity ;  in  the  simplest  eases  it  is  cylindrical  in  shape,  but  ia 
the  higher  and  larger  forms  is  much  branched, 
forming  a  system  of  canals. 

The  cnidarians  are  predacious  animals  and 
usually  possess  long  vibratile  tentacles  by  means 
of  which  they  take  their  prey.     These  tentacles, 
as  well  as  other  parts  of  the  body,  are  provided 
with   numerous  characteristic  oi^ns  of  peculiar 
structure  called  the  nettle  organs  or  nematocysta 
Pig.  14S — DiBBMin  of     which  render  them  effective  instruments  in  the 
"ofa  cDidarUn      performance  of  this  important  function.  A  nettle 
^  coidoriU    s,      organ  (Fig.  145,  3)  consists  of  a  spiral,  thread-like 
fl^'^C^UcUie"  ct""™      tube  with  several  barbs  at  the  .base  which  lies 
coiled  within  a  cavity  in  a  specialized  cell  called 
a  cnidoblast  (1).    The  cavity  is  filled  with  a  poisonous  fluid;  its  walls  form 
an  ovoid  sac,  the  outer  end  of  which  is  continuous  with  the  thread-like  tube. 
A  minute  spine,  the  cnidocil   (2),  projects  from  the  free  surface  of  the 
cnidoblast  into  the  water  and  when  the  surface  of  the  ectoderm  is  irri- 
tated, either  by  actual  contact  or  in  other  ways,  the  tube  is  shot  ont  witli 

•  See  •'Contiibntlona  to  the  Natural  History  of  tbe  D.  8.,"  Vol.  3  Knd  4,  by  L. 
Agauli,  1862.  "lUTertebnite  AntmilB  of  TIneysrd  Sound,"  by  A.  B.  Verrill,  Bep.  U.  S. 
Flab.  Com.,  18T1.  "Lies  CifleiiteTei,"  by  Delage  et  Htirouard,  Tra]t4  de  Zoolosto 
concrete,  Vol.  2,  1901.  "Hydrotdi  of  tbe  Woods  Hole  Rpglon,"  by  C.  C.  Nutting, 
Bull.  C.  S.  Plsb.  Com.,  Vol.  IS,  1899.  "SfDopala  of  Nortb  Amsiieaa  Invertebrates, 
The  HydroiuedDue,"  by  C.  W.  Hirgltt,  Part  I,  11.  Ill,  IV,  Am.  Nat.  Vol.  35,  pp. 
301.  379  and  9T6, 1901,  and  Vol.  37,  p.  331, 1903.  "Tbe  Hydroida  of  tbe  PaHflc  Coast  of 
North  America,"  by  H.  B.  Torrej,  Univ.  of  Cal.  Pub.,  Vol.  1,  p.  I,  1902.  "Tbe  Mednue 
of  the  Woods  Hole  RegioD,"  by  C.  W.  Hargltt,  Bull.  Bur.  Fish..  Vol.  24,  p.  21,  1004. 
"Notes  on  CtEleaterates  of  Woods  Hole,"  by  C.  W.  Hargltt,  Biol.  Bull.,  Vol.  li,  p.  96. 
"A  Synopsis  of  the  Fixed  Hydroids  of  New  Engbind,"  by  J.  S.  KlngBley,  Tuftn  College 
Stndiea,  Vol.  3.  p.  IS,  ISIO.  "Ueduue  of  the  World."  by  A.  O.  Mayer.  1010.  "Tho 
Hydroida  of  the  Weat  Coaat  of  North  Amerlea,"  by  C.  M.  Frnser,  Bull,  from  tbe  Lab. 
of  Nat.  Hist  of  Cnlv.  of  Iowa,  Vol.  8,  1911.  "Some  Hydroida  o(  Beaufort,  Nortb 
Carolina,"  by  C.  U.  Fnser,  BulL  But.  Flsb.,  Vol.  3D.  p.  337,  1912,  "A  Biological 
Survey  of  tbe  Waters  of  Woods  Hole  and  Vicinity,"  by  P.  B.  Sumner  and  otbers,  BnlL 
Bar.  Flab.,  Vol.  31,  1813, 


(Lendenfeld). 
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snfficient  force  to  punctnre  the  skin  of  amall  animals  (Fig.  146),  and  the 

poisonous  fluid  whioh  is  thus  injected  into  the  wound  may  cause  paralysis 

or  death.     The  thread  tubes  also  often 

lasso  small  ammals  by  winding  aronnd 

hairs    and    other   projections    of   their 

bodies  (Fig.  146,  B).   The  nettle  organs  ^ 

of  the   l&iger  jellyfish   often   inflict  s 

pftinfnl  wound  to  man. 

The   body    of    the    Cmdaria   is   dis- 
tinctly   radiate    in    structure;    in    the 

smallest  jellyfish  and  hydroid  polyps  the 

number  of  radii  is  usually  four  and  in 

the  lai^r  ones  and  the  Alcyonaria,  some 

multiple  of  four;  in  the  Zoantharia  it  is 

usually  dx  or  a  multiple  of  six. 

Two   distinctly   different   types   of 

structures   are   present   among  the    Cni- 

daria,  which   are,   however,   capable   of 

being  referred  to  a  common  fundamental 

form.    These   are:    (1)    the  hydroid  or 

polyp  type  (Fig.  147,  A),  and  (2)  the  medusa  or  jellyflsh  type  (Fig.  147, 

B,  or  Fig.  154).     The  first  is  seen  in  the  simplest  form  in  the  fresh-water 

Hydra  and  the  hydropolyps,  and  in  a  more  complex  form  in  the  corals;  in 
th«se  animals  the  body  is 
cylindrical  in  form,  one  end 
is  usually  attached  to  some 
more  or  less  stationary  ob- 
ject, while  at  the  other  end 
u  the  mouth  surrounded  by 
tentacles. 

Two  variations  of  this 
type   are   fonnd.     In   the 
S  Scyphotoa    and    the    An- 

*'  thosoa    (Fig.   219)    longitu- 

dinal  mesenterial  ridges  pro- 
ject prominently  into  the 
gastro vascular  space  and  s 
gullet  lined  with  ectoderm 
is  present,  while  in  the  sim- 
pler  Hydroioa    or    Bydro- 

medusae  these  features  are  wanting   (Fig,  147,  A).     Cnidarians  of  the 

hydroid  type  live  in  colonies  in  the  majority  of  cases  which  often  con- 


TiK.  14T— JThe  two  tvpea  of  Btmrtnre  of  enl- 
darUna.  A.  tbc  b;drold  typt ;  B.  Ibe  nifdUBa 
trpe.  a  quarter  ot  tbe  antnul  being  reniored  to 
■bow  tbe  iDtemal  atrnrtare.  <DelBge  et  ilSrou- 
■rd.l  1,  mouth;  2.  gantraraiitruliir  ipace ;  3,  tpo- 
tacle;  4,  exambrella  ;  6,  subumbrelm :  0,  maao- 
brlDm :  T,  Telum. 
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tain  thousands  of  individoalsi  and  grow  from  one  another  by  process  of 
budding. 

The  medusa  type  is  seen  in  its  simplest  form  in  the  usually  minute 
hydromedusans  and  in  a  more  complex  form  in  the  larger  s<^yphomedu- 
sans.  In  all  these  animals  the  body  is  more  or  less  bell  or  disc-shaped, 
the  convex  sicLe,  which  is  called  the  exumbrella,  corresponding  to  the 
attached  end  of  the  hydroid  polyp,  while  from  the  center  of  the  concave 
side,  which  is  called  the  subumbrella,  extends  the  manubrium,  a  more  or 
less  cylindrical  but  often  branched  projection,  at  the  end  of  which  is 
the  mouth.  Tentacles  may  be  present  on  the  manubrium,  at  the  edge 
of  the  bell,  on  the  subumbrella  or  the  exumbrella,  and  may  be  long  or 
short  and  flexible  or  rigid. 

Two  distinct  types  of  medusae  are  met  with.  Those  of  one  type  are 
called  craspedote  medusae  (Fig.  147,  B),  because  they  possess  a  velum  (7). 
This  organ  is  a  ridge  or  membrane  containing  epithelial  muscle  fibres, 
which  extends  inwards  toward  the  manubrium  from  the  entire  edge  of 
the  subumbrella.  These  medusae  are  almost  all  small,  being  usually  less 
than  2  cm.  in  diameter,  although  some  are  larger,  ^quorea  tenuis  attain- 
ing a  diameter  of  10  cm.  and  ^quorea  forskalea  of  the  Mediterranean 
one  of  40  cm.  and,  excepting  the  Narcomedusae,  have  a  plain,  unscalloped 
edge.  Those  of  the  other  type  are  called  acraspedote  medusae  (Fig.  216) ; 
these  lack  the  velum  or  have  it  in  a  rudimentary  form  and  possess  a 
scalloped  outer  edge,  as  well  as  other  special  features;  they  are  also  usu- 
ally large,  some  having  a  diameter  of  a  meter  or  more.  A  certain  number, 
however,  are  small,  with  a  diameter  of  less  than  a  centimeter. 

In  Hydra  and  the  Anthozoa  the  hydroid  or  polyp  type  of  structure 
alone  prevails,  and  the  animals  produce,  either  by  budding  or  by  sexual 
methods,  young  individuals  which  develop  directly  into  adults  similar  to 
the  parents.  In  most  Trachomeduacke  and  Narcomedusae,  so  far  as  known, 
the  medusa  type  alone  prevails,  the  young  developing  directly  into  free- 
swimming  medusae.  In  the  Hydromedusae  and  Scyphomedusae,  on  the 
other  hand,  both  types  may  prevail  in  the  same  species,  and  the  phenome* 
non  of  the  alternation  of  generations  is  exhibited,  an  asexual  generation, 
which  is  the  hydroid,  producing  by  budding  a  sexual  generation,  which 
in  these  animals  is  the  medusoid  generation.  The  medusoids  are  either 
male  or  female  and  produce  embryos  called  planulae,  which  after  a  period 
of  free  life  attach  themselves  to  some  fixed  object  and  become  hydroid 
polyps,  the  medusoid  buds,  in  certain  cases,  remaining  attached  to  the 
parent  hydroid,  and  in  others  becoming  free-swimming  jellyfish. 

In  all  the  Cnidaria,  the  body  wall  consists  of  the  outer  ectoderm,  the 
inner  entoderm  and  the  middle  mesoglea  (Fig.  131).  The  ectoderm  consists 
of  a  single  layer  of  cells,  among  the  inner  ends  of  which  are  small  inter- 
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8iitial  eells  and  often  epithelial  mnsele  fibres  and  nerve  cells.  The  mes- 
oglea  is  skeletal  in  function  and  a  secretion  of  the  two  cellular  layers; 
in  the  Hydromedusae  it  remains  non-oellnlar  and  usually  thin,  but  in  the 
other  Cnidaria,  cells  migrate  into  it  from  the  ectoderm  and  it  often  be- 
comes very  thick,  forming  the  jelly  (Fig.  131,  3).  The  gastrovascular 
space  (Fig.  147)  is  cylindrical  in  the  hydroid;  in  the  medusa  it  is  a 
branched  cavity  which  forms  a  system  of  canals.  Food  is  taken  into  the 
mouth;  in  the  gastrovascular  space  it  is  digested  and  the  products  of  diges- 
tion are  caused  to  circulate  throughout  the  body  of  the  colony  by  the  action 
of  the  entodermal  flagella  or  cilia.  The  sexes  are  separate  in  Cnidaria, 
with  some  exceptions,  but  usually  not  dimorphic.  The  sex  cells  arise  in 
the  ectoderm  in  the  lower  and  in  the  entoderm  in  the  higher  forms. 
Locomotion  is  accomplished  by  means  of  the  muscle  fibres  which  are  the 
inner  projections  of  ectoderm  or  entoderm  cells.  The  sessile  hydroids 
and  Anfhozoa  move  their  tentacles  about  actively  and  can  retract  and 
extend  the  body;  the  medusae  swim  slowly  through  the  water  by  means 
of  the  muscle  fibres  in  the  velum  or  in  the  subumbrella.  The  nervous 
system  consists  of  a  plexus  of  nerve  cells  and  fibres  among  the  muscle 
fibres,  some  of  which,  in  the  medusae,  form  a  double  ring  in  the  outer 
rim  of  the  umbrella  and  in  the  acraspedote  medusae  a  rudimentary  gan- 
glion at  the  base  of  each  sense  organ.  The  muscles  may  also  be  stimu- 
lated directly  and  without  the  intermediary  of  nerve  cells  or  fibr^. 
Special  sense  organs  are  absent  in  hydroids  and  the  Anthozoa:  in  medusae 
they  are  present  in  the  margin  of  the  umbrella  and  may  be  either  visual 
(oeellate)  in  function  or  equilibrial  (vesiculate). 

JJifftory.  ^Aristotle  was  acquainted  with  many  enidarians,  especially 
with  actinians  and  medusae  which  he  named  Acalephae  and  Cnidae,  the 
latter  term  referring  to  the  stinging  power  of  the  animals.  During  the 
succeeding  ages  and  down  to  about  the  middle  of  the  eighteenth  century 
the  animals  were  observed  and  figured  by  a  number  of  naturalists,  but 
little  or  no  exact  knowledge  of  them  existed.  They  virere  called  either 
plants  or  plant-animals  (zoophytes)  and  were  often  considered  the  con- 
necting link  between  the  plant  and  animal  kingdoms,  a  belief  that  has 
not  entirely  disappeared  in  some  localities  even  down  to  the  present  day. 
Polyp  stocks  and  corals  were  generally  held  to  be  plants,  the  individual 
animals  being  called  the  flowers.  When,  however,  Trembley  in  1744 
demonstrated  the  animal  nature  of  Hydra  and  Peyssonnel  in  1753  that  of 
corals,  a  new  era  began  in  the  study  of  enidarians,  and  in  the  following 
years  a  large  number  of  them  were  accurately  figured  and  described  by 
EUis,  Pallas,  O.  F.  Miiller,  and  others.  The  relation  of  the  polyp  to 
the  medusa  was,  however,  still  for  a  long  time  to  be  entirely  unknown. 
Cnvier  in  1799  was  one  of  the  first  to  study  the  anatomy  of  the  medusa 
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and  in  1812  brought  polyps  and  medusae  together  in  the  single  type- 
group  of  Animalifi'Radiata. 

The  next  few  years  saw  an  immense  increase  in  the  knowledge  of 
both  the  imstomy  of  the  medusa  and  the  polyp  and  in  the  number  of 
the  forms  known,  yet  it  was  not  until  1841  that  M.  Sars,  on  the  basis 
of  his  studies  of  Aurelia  aurita,  and  1842  that  Steenstmp,  on  that  of 
his  studies  of  Coryne,  could  first  definitely  formulate  the  prineiple  of 
the  alternation  of  generations  in  cnidarians  and  elucidate  the  relation  of 
the  polyp  to  the  medusa.  Even  as  late  as  1837  Lov6n  held  the  polyp  and 
medusa  to  be  dimorphic  sexual  forms,  the  former  being  the  male  and 
the  latter  the  female  individual.  In  1847  Leuckart  created  the  phylum 
Ccelenterata  and  called  attention  to  the  fundamental  sack  form  of  the 
body,  and  in  1849  Huxley  showed  that  the  walls  of  this  sack  were  made 
up  of  two  layers  which  he  named  ectoderm  and  entoderm  and  homologized 
with  the  two  primitive  germ  layers  of  the  higher  animals.  In  1851  Vogt 
introduced  the  useful  term  Hydromeduaa,  Huxley  in  1856  that  of  Hydro- 
eoa,  and  Glaus  in  1891  that  of  Scyphozoa,  The  latest  development  of 
the  system  is  due  to  many  authors,  of  whom  perhaps  Chun  and  A.  G. 
Mayer  are  especially  to  be  mentioned.  The  first  important  American 
work  on  cnidarians  was  J.  D.  Dana's  Report  of  the  Zoophyta  of  the 
Wilkes  Expedition  (1846).  Louis  and  Alexander  Agassiz  and  their 
pupils  and  followers  have  done  the  most  to  extend  the  knowledge  of 
American  cnidarians.  Mayer's  monograph.  The  Medusae  of  the  World, 
is  the  most  important  recent  work.  The  subphylum  contains  about  4,200 
species,  grouped  in  3  classes. 

Key  to  the  classes  of  Cnidaria: 

Uj  Small  bydroid  polype  and  both  small  and  large  medusae, 
bi  Hydroids  withoat  mesentarial  ridges  and  usually  colonial,  and  craspedote 

medusae 1.  Htdbozoa  {Hydromedutae) 

5,  Minute  hydroids  with  4  mesentarial  ridges,  and  acraspedote  medusae. 

2.  ScTPHOZOA  i8oyphomedu»ae) 
o.  Corals,  sea-auemones  and  gorgonians 3.  Anthozoa 

Class  1.    HTDBOZOA.    (Hydromedusab.) 

Hydroid  polyps  and  craspedote  medusae,  usuallv  with  alternation  of 
F^*)firftTiT^"°  '  "°  ^^^'•^'^  stage,  which  is  called  the  trophosome,  is  sessile 
and  usually  colonial  and  produces  by  budding  the  medusoid  stage,  which 
is  called  the  gonosome.  The  latter  is  sexual  and  either  male  or  female. 
The  individual  hydroids  are  small,  being  usually  but  a  few  millimeters 
in  length,  the  solitary  tubularians  being  exceptions,  which  may  be  several 
centimeters,  and  in  the  case  of  the  deep-sea  BranchiocerianthtM  imperator, 
which  is  allied  to  Corymorpha,  a  meter  or  more  in  length.  The  colonies 
are  often  plant-like  in  appearance;  the  ipdividual  polyps  are  called  the 
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bydranths  (Fig.  162),  the  stalks  on  whichthey  grow,  the  hydrocaulus, 
and  the  root-like  projections  by  which  the  stalk^E  attacKed  fd'ttre'^b- 
stratum,  the  hydrorhiza.  "* TfiCgagtrovascidar  space  (Fig.  150)  extends 
throughout  the  colony  so  that  all  the  polyps  are  in  communication  wRh'one 
anothCT.  A  cuticulai-layer  called  the  perisiarc  is  secreted  by  the  ectoderm 
of  many  species  which  gives  rigidity  to  the  whole  colony:  in  the  Hydro- 
cordlUnae  the  perisarc  is  calcareous  and  so  enormously  thickened  that  the 
colony  has  the  appearance  of  coraL  The  oufiuth  of  the  hydroid  is  ter- 
minal in  position  and  at  the  summit  of  an  elevation  called  the  hypostome. 

In  very  many  Hydromedusae,  the  hydroid  individuals  are  polymor- 
phic (Fig.  162),  being  specialized  to  perform  different  functions. 

The  medusoid  stage  or  gonosome  is  either  a  free-swimming  eraspedote 
medusa  or  a  sessile  medusoid  individual  or  gonophore  which  remains 
attached  to  the  parent  hydroid.  In  the  latter  case  it  may  have  retained 
the  general  form  of  a  medusa  or  it  may  be  reduced  to  the  form  of  a  bud 
(sporosac)  and  have  lost  all  semblance  of  the  medusoid  form.  The 
embryo  is  ciliated  and  is  called  the  planula :.  after  a  period  of  free  life 
iir  attaches  ilielT'and  becomes  a  hydroid  polyp. 

Most  HydromedusOiS'lvfh  ih  the  sea.  Hydra  is  found  in  fresh  water 
and  is  cosmopolitan  in  its  distribution.  Cordylophora  is  a  brackish  water 
form  which  also  occurs  in  fresh  water.  A  few  medusae,  Microhydra  in 
Pennsylvania  and  Europe,  Craapedacusta  (lAmnocodium)  in  America, 
Europe  and  Brazil,  Limnocnida  in  Lake  Tanganyika  and  Holomiais  in 
Trinidad,  occur  in  fresh  water.  The  class  contains  about  2,000  species, 
grouped  in  7  orders. 

Key  to  the  orders  of  Hydromedusae: 

A.   THE  HYDROIDS.  ^ 

Oi  Animals  mostly  in  fresh  water , 1.  Htdbauab 

Oa  Animals  marine  (rarely  in  fresh  water). 

di  Colony  forms  a  coraMike  stock 2.  Htdboooralunab 

6,  Colony  not  coraMike. 
e^  Colony  and  individnal  hydroid  asnally  not  minute. 
tf|  No  protective  cup  (hydrotheca)  on  hydranth  (Fig.  150) .  .3.  Tubulariae  : 

dg  Hydrotheca  present  (Fig.  172) 4.  Caicpanulabiaei 

c.  Colony  and  hydroid  minute  (when  present) 5.  Tbaohomedusab 

Ca  Colony  free  swimming , 7.  Siphonophoba 

B.  THE  MEDUSAE.  ^ 
(Excluding  the  HffdrocoralUnae  and  the  SipkonopKora,) 

Oi  Rim  of  umbrella  not  scalloped. 

5i  Gonads  on  manubrium 3.  Tubulabeae  {Anthomedusae)  ' 

&s  Gonads  on  subumbrella  (sometimes  also  on  manubrium). 
01  Medusae  often  disc-like  at  maturity. .  .4.  Campanulabiab  (Leptomeduiae)- 

Ct  Medusa  usually  hemispherical  or  elongate 5.  Tbaohomedusab 

a.  Rim  of  ambrella  scalloped 6.  Nabcomedusab 
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Fig.  148 

Hydra  viridUHma 
(Sassw.  F.  Deat.). 
1,  sperm ;  2,  ovum. 


Obdeb  1.    HTD&ARIAE.*     (The  Htdras.) 

Elongate,  cylindrical  animals  1  to  3  centimeters  in  length.  The  animal 
attaches  itself  temporarily  by  means  of  a  sticky  secretion  at  one  end 
which  may  be  called  the  foot,  and  can  move  about  slowly  by  gliding  on 
the  foot  and  by  a  looping  movement;  it  cannot  swim.    At  the  free  end 

is^hi^inouth  on  the  conical  hypostome,  at  the  base  of 
which  is  a  single  row  of  hollow  tentacles.  No  perisarc 
is  present.  The  food  consists  of  small  emstaceans 
and  other  animals  which  are  caught  by  means  of  the 
nematocysts.  When  the  animal  is  well  fed  it  repro- 
duces principally  by  budding,  the  buds  often  remain- 
ing attached  to  the  parent  for  a  while,  but  finally 
becoming  separated:  it  also  reproduces  occasionally 
by  transverse  or  longitudinal  fission.  At  certain  times 
the  Hydra  reproduces  sexually  and  is  either  moncD- 
cious  or  unisexual.  Spermatozoa  are  produced  from 
specialized  interstitial  cells  usually  near  the  base  of  the  tentacles  which 
form  rudimentary  testes,  and  a  single  large  ovum  may  appear  in  an  ovary 
formed  of  interstitial  cells  usually  near  the  proximal  end  of  the  body. 

The  order  contains  about  four  genera,  of  which  Hydra 
is  the  most  familiar.  The  other  genera,  Protohydra  and 
Haleremita,  which  are  marine,  and  Polypodium,  which  was 
found  on  the  eggs  of  the  sturgeon  in  the  river  Volga,  are 
apparently  rare  and  have  not  been  found  in  this  country. 
Htdra  L.  Tentacles  4  to  12  in  number:  3  well 
established  species;  cosmopolitan;  in  fresh  water. 

H.  viridiasima  Pallas  (H,  viridia  L.)  (Fig.  148). 
Green  hydra.  Body  grass  green,  the^color  being  due  to  the 
presence  of  zoochlorellae  in  the  entoderm;  tentacles  short 
and  about  6  in  number;  hermaphroditic:  usually  on  water 
plants. 

H.  oligactia  Pallas  (H.  fuaca  L.)  (Fig.  149).    Brown 
hydra.    Body  brown;  tentacles  very  long  and  about  8  in 
number;  proximal  end  of  body  slender  and  stalk-like;  unisexual:  on  stones, 
sticks,  and  plants. 

H.  vnlgaria  Pallas  (H.  grisea  L.).  Color  gray,  orange,  or  brown; 
proximal  end  of  body  not  stalk-like;  average  number  of  tentacles  6:  on 
stones,  plants,  etc. 

*  See  "M6m.  poor  lerrir  a  THlst.  d'un  genre  de  Polypi  d*eaii  donee/'  by  A. 
Trembley,  1744.  "The  DeYelopment  of  Hydra,"  by  G.  A.  Tannrentber,  iBlol.  Bull.,  Vol. 
14,  p.  261,  1908.  "Die  Benenaung  und  Unterscheldung  der  Hydra  Arten/'  by 
A.  Braner,  Zool.  Ani.,  Vol.  88,  p.  790, 1909. 
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Obdxb  2 


HYSBOCOKALUNAE. 


HydromedusanB  in  which  the  polyps  are  coloni&l  and  have  a  oslcifled 
peris&rc  of  such  thickness  that  the  colonies  resemble  corals.  In  fact, 
the  animals  were  classified  among  the  corals  until  Louis  Agassiz  in 
1859  showed  them  to  be  bydromedusana  allied  to  the  Tubulariae,  The 
colony  is  incrust«d  on  a  rock  or  some  other  object  and  rises  erect  in  the 
form  of  a  more  or  less  arboreseent,  coral-like  body  in  the  water,  being 
composed  of  a  network  of  tubes  imbedded  in  a  thick  calcareoas  mass. 
The  tubes  have  the  cellular  structure  cbaracteriatio  of  hydramedusans, 
the  calcareous  groundwork  being  secreted  by  their  ectoderm.  Numerous 
pores  appear  in  the  surface  of  the  colony  leading  into  cylindrical  cham- 
bers from  the  bottom  of  which  two  kinds  of  polyps  may  project  into 
the  sarronnding  water;  these  are  nutritive  polyps  or  gastrozooids,  with 
mouth  end  often  provided  with  tentacles,  and  the  defensive  polyps  or 
dsctylozooids,  without  mouth  and  with  batteries  of  nematocysts.  The 
gonosomes  are  usually  sporosscs,  but  in  a  few  forms  they  are  medusae 
and  are  produced  in  chambers  which  open  to  the  outside  through  special 
pores. 

The  suborder  contains  2  families  and  15  genera,  which  are  inhab* 
itants  of  tropical  seas.    One  species  occurs  on  the  Florida  coast. 

Fakily  MILLEPOBIDAE. 

Colony  very  varied  in  form,  consist- 
iag  of  a  broad  basal  mass  which  is  in- 
crusted  on  the  rock,  and  insular,  short 
branches  which  rise  from  it  into  the 
water;  the  nutritive  polyps  have  each  4 
or  5  short  knobbed  tentacles;  the  defen- 
sive polyps  are  also  provided  with  ten- 
tacles; the  gonosome  is  a  free  medusa  with 
4  or  5  rudimentary  tentacles:  1  genus. 

HnXJEPOKA  L.  Each  nutritive  polyp 
is  surrounded  by  5  to  6  long  and  very 
contractile  defensive  polype:  1  species  on 
the  Florida  coast  and  in  the  West  Indies. 

M.  aldcomiB  L.  Pepper  coral.  On 
the  coast  of  Florida;  has  unusual  sting- 
ing powers. 


FIS.  mo — A  tabnlarlan  hydrotd 
polyp  (£urfmdHHn|  (HcrtwiK). 
1,  entoderm  :  2,  ectoderm  ;  S,  perl- 

moutb 


tb ;'  i' 
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Order  3.    TTTBULAHIAE.     (Qthnoblabtea;  Anthouedcsae.) 
Mostly  inrTnnin'  ''ylrfimpiTiignnH^n  whii-li  the  hydrantb  is  without  a 
rmtrntiTa  gup  ^li^drotheca)   (Fig.  I50y  and  which  produce  either  free 
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medusae  or  sessile  medusoid  buds.    The  medusae  (Fig.  147,  B)  are  known 
as  Anthomedttsae  and  are  usually  more  or  less  bell-shaped  and  ocellate  and 
bear  the  gonads  on  the  manubrium.    Many  of  them  have  never  been  traced 
to  the  hydroids  which  produce  them :  about  15  families. 
Key  to  the  families  of  Tuhulariae  here  described : 

A.   THE  HYDROIDS. 

Hi  Hydranth  without  a  basal  whorl  of  tentacles,  these  being  scattered  more  or 
less  irregularly  over  the  hydranth. 

&i  Tentacles  filiform ;  no  free  medusae 1.  Clavidab 

&,  Tentacles  knobbed 2.  Gobynidab 

Of  Hydranth  with  a  basal  whorl  and  with  or  without  distal  tentacles, 
by  Hydranth  with  a  basal  whorl  and  no  distal  tentacles. 
Ox  Colony  arborescent. 

di  Hypostome  conical ;  free  medusae  present 3.  Bouoainvilludab 

d^  Hypostome  trumpet-shai>ed ;  sporosacs  present 4.  Eudendbiioae 

Ca  Ck>lony  not  arborescent,  but  incrusting. 

di  Sporosacs  present  and  no  free  medusae 5.  Hydractinudab 

d^  Medusae  present 6.  Podocobtrioab 

5s  Hydranth  with  both  basal  and  distal  tentacles. 

Ci  Distal  tentacles  knobbed 7.  Pennabiiuae 

Ci  Distal  tentacles  filiform ;  hydranths  of  large  size. 
di  Free  medusae  present. 

«i  Hydranths  solitary 8.  Ck>BT]C0BPHiDAB 

e^  Hydranths  colonial 9.  Dendboclavidab 

d.  Sporosacs  in  pendant  clusters  present 10.  Tdbulabiidab 

B.   THE  MEDUSAE. 

(The  1st,  4th,  5th  and  10th  families  produce  no  free  medusae.) 

Oi  No  oral  tentacles  or  lobes  present. 
5i  Two  or  4  marginal  tentacles. 

Oi  Tentacles  well  developed 2.  Cobtnioae 

e^  Tentacles  rudimentary 7.  PENNABnoAE 

&,  One  long  marginal  tentacle,  the  others  short  (except  Eotopleura), 

8.   Ck)BTM0BPHI0AB 

Oa  Oral  tentacles  or  lobes  present. 
hi  Marginal  tentacles  in  4  or  8  clusters  (except  Pertgonimus) . 

3.  BouoAiNvnxnDAB 
h.  Tentacles  not  in  clusters. 

Ct  Marginal  tentacles  2  or  4 Febigonimus 

Cs  Marginal  tentacles  4  or  8 6.  Podooobtnidae 

Pi  Marginal  tentacles  numerous 9.  Dendboclavidab 

Family  1.    CLAVIDAE. 

Trophosome :  colony  either  branching  or  consisting  of  an  extensive, 
filiform  hydrorhiza  from  which  rise  the  polyps;  hydranths  elongate  and 
bearing  numerous  filiform  tentacles  irregularly  placed.  Gonosome :  gono- 
phores  in  clusters  either  just  below  the  tentacles  or  on  special  branches 
or  even  rising  independently  from  the  hydrorhiza,  forming  sporosacs  and 
never  medusae:  about  5  genera. 
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Key  to  the  genera  of  Clavidae  here  described : 

Oi  Cdloliy  not  branching;  polyps  rlsiiig  from  a  filifonn  hydrorhisa. 

hx  Sporosacs  borne  on  hydranths 1.  Glava 

b^  Sporosacs  spring  from  hydrorhiza 2.  Rhizooeton 

Oa  Colony  branching 3.  Cobdylophgiu. 

1.  Olata  Gmelin.  Simple  unbranched  hydranths  rise  from  a  fili- 
form hydrorhiza;  this  is  protected  by  a  perisarc  which  extends  a  short 
distance  np  the  hydranth;  sporosacs  in  dusters  at 

the  base  of  the  tentacles:  5  species. 

0.  leptostyla  Agassiz  (Fig.  151).  Hydranths 
reddish  in  color,  about  2  cm.  long,  with  about  20 
tentacles;  male  sporosacs  pink,  female  purple: 
common  in  shallow  water  on  fucus,  piles,  etc.,  from 
Long  Island  Sound  to  Labrador;  California. 

2.  Rhizogbtov  Agassiz.  Similar  to  Clava, 
except  that  the  sporosacs  arise  from  the  hydro- 
rhiza on  short  stalks :  1  species. 

B.  fnsifonnis  Ag.     Hydranth   about  8  mm.      ^fistlU'{S^g)T 
high,    with   12   tentacles;    sporosacs   shorter  and 
invested  with  the  perisarc:  in  rock  pools  in  Massachusetts  Bay. 

8r  OoBDYCOFHORA*  Allman.  Colony  profusely  branching,  the  hy- 
dranths with   scattered  filiform  tentacles  being  at  the  ends   of  the 

branches;   sporosacs  ovate, 
.-/  &  springing   from    the 

branches;    with    a    definite 
perisarc:  2  species. 
I  W\     7/       Jir  Q    lacnrtris  All.   (Fig. 

152).  Colony  about  20  to 
30  mm.  high ;  hydranth  with 
10  to  20  tentacles :  on  rocks, 
eel  grass,  etc.,  in  brackish 
and  fresh  water,  being  one 
^  •MSfl^M^  -/C>y       ^itZ         of  the  very  few  fresh-water 

^     ^,„  ™      ,«„  eoBlenterates ;  Rhode  Island; 

Fig.  152  F\g.    15S  *  ' 

«..       «^«    ^    ^  >    >.        •       -_,/««  ™      Massachusetts;         Illinois; 

V\g.    152 — Oordytophora    laeustrU     (Sassw.    F.  '  ' 

Dent).    1,  hydranth;  2,  hydrocauius;  3,  sometimes  rather  common; 

hydrorhiia.    Fig.  153 — Synooryne  ' 

w^lrabUie  (AgaMis).  Europe. 

Family  2.    OOBYNIDAE. 

Trophosome:  colony  branched  or  not,  with  long,  slender  hydro- 
cauius and  cylindrical  hydranths  bearing  numerous  knobbed  tentacles 

•  See  "Hydrolds  in  the  Illinois  Uver/'  by  F.  Smith,  Biol.  Bull.,  Vol.  18,  p.  67, 1910. 
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irregularly  placed.  Gonosome:  gonopbores  usually  among  the  basal 
tentacles  and  producing  either  free-ewimming  or  attached  medusae  with 
4  radial  canab  and  4  tentaclee:  numerous  genera. 

Key  to  the  genera  of  Corynidae  here  described: 
a,  Hjdroid  branched ;  ntedaaa  with  4  long,  mar^al  tentacles. . .  .1.  Stnookths 
0,  Hydrold  branched  ;  meduM  witb  4  abort  knobbed  marginal  tentacles. 

2.    DlPUBEHA 

a,  Hjdroid  not  branched ;   medusa   with  2   long  and  2  nidimentar)'  marginal 
teoUdea 8.  OiMMARIA 

1.  SnrooBTVE  Ehrenbei^.  Hydroid  colony  15  mm.  high  and  branched 
and  with  definite  perisarc  and  an  elongate,  cylindrical  hydranth;  meduaa 
with  an  oocllns  at  the  base  of  eacli  tentacle:  16  species. 

8.  mlrabilis  Agasatz  (Fig.  153).  Hydroid  col- 
ony attached  to  seaweed,  shells,  etc.,  in  shallow 
water,  from  Martha's  Vineyard  to  Greenland,  also 
in  California;  medosoid  in  2  varieties,  one,  which 
was  first  described  as  Sartia  mirabiliSf  free-swim- 
ming, developing  in  early  spring,  7  mm.  high  and 
4  mm.  in  diameter,  with  4  long,  marginal  tentacles 
and  a  long  manubrium  extending  beyond  the  veltim 
(Fig.  154) ;  the  other,  a  sporosac,  with  rudimentary 
tentacles,  and  without  ocelli  or  mouth. 

2.  DiPirszirA   UcCrady.     Hydroid    like   Syn- 
coryne;  medusae  with   4  stout   marginal   tentacles 
the   ends    of   which    are    knobbed,   and    a   long 
'iSirafcuirf'niedSa"       manubrium    with    constrictions,    often    extending 
(Hargltt).  beyond  the  velum:  6  species. 

D.  strangnlata  UcCr.  (Fig.  155).     Medusa  very  transparent,  3  mm. 
wide,  4  mm.  high,  ovoid  in  shape:  common  at  Woods 
Hole;  South  Carolina. 

3.  Qtmhirta  Mc(;rady.  Hydroid  like  Syncoryne 
but  unbrnnched,  the  hydranth  rising  from  a  creeping 
hydrorhiza ;  medusa  with  2  mai^inal  tentacles,  each  of 
which  bears  long-stalked  nematocysts,  and  with  mouth 
without  marginal  lobes:  several  species. 

a.  gammoaa  MeCr.  Hydroid  on  Mytiltu  shells, 
etc.;  adult  medusa  6  mm.  in  diameter,  almost  spherical  *^-  ""* 

and  with  2  tentacles;  no  ocelli:  Vineyard  Sound  and  "^J^Kio''*"" 
southwards.  t^*">- 

Fault  3.    BOITGAINVILLIIDAE. 
Trophosome:  colony  branching  with  distinct,  often  annnlated  peri- 
aarc;  hydranth  with  a  single  whorl  of  filiform  tentacles.    Qonosome:  a 
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free-swinmuDg  medosa  which  is  nsnally  home  on  the  bydrocaulna  and 
has  4  radial  canals;  marginal  tentacles  either  single  or  in  clusters,  and 
4  or  8  mannbrial  gonads:  about  19  genera. 

Key  to  the  genera  of  BougamvilUidae  here  described: 

a,  Hydroid  colony  arborescent ;  medusa  with  teutulea  in  dniters. 
b.  Medusa  witb  tentacles  in  4  clusters, 
e,  UedDsa  vithout  short  knobbed  tentacles ;  hydroid  arborescent. 

1.  BOUOAIKTILLU 

c.  Medusa  with  a  pair  of  short  knobbed  tentacles  at  each  cluster.  .6.  NEiiopeiS 

b^  Medusa  witb  tentacles  in  Sclusten;  hydroid  like  Bong«invillia..4.  Ratbrea 

Oi  Hydroid  colony  with  creepins  hydrorhisa ;  medusa  with  only  2  long  tentacles. 

b.  Four  short  oral  lobes 2.  PERIOOniiiUB 

ii  Four  long  oral  lobes 3.  Stomotooa 

1.  BoveAixTiLLU  Lesson.  Trophosome :  col- 
ony arborescent  with  a  denBe  perisarc,  bydranth 
witb  eonical  bypostome.  Oonosome:  medasa 
globular,  with  branching  oral  tentacles  and  4 
pairs  at  first  and  later  4  groups  of  marginal 
tentacles:  20  species. 

B.  caioUnensU  (UcCrady)  (Fig.  Ii36).  Col- 
ony may  be  25  em.  high,  usually  7  to  12  em.; 
hypostome  conspicuous;  tentacles  about  12; 
medusa  with  brick-red  manu- 
brium  and  black  ocelli,  4  mm. 
in  diameter:  Cape  Cod  and 
southward;  eommon  on  fucus,  oofioHno»«i»  ( 
piles,  etc. 

B.  raperdllaris  Agassiz  (Fig.  157).  Colony  5  em. 
h^h  or  less;  bypostome  inconspicuous;  tentacles  15  to 
20;  medusa  with  yellowish  manubrium  and  black  ocelli, 
10  mm.  in  diameter:  Newport  to  Greenland;  on  fucus 
and  shells;  Europe. 

2.  FxKieoHUnrs  Bare.  Trophosome:  colony  branch- 
ing a  little  and  rising  from  a  reticulated  bydrorhiza 
with    a    gelatinous    perisaro   and    conical    bypostome. 
Fig.  107  Gonosome:  medusa  with  2  or  4  marginal  tentacles;  no 

Booffolflt^iua        ocelli:  10  species. 

*(^nSK)^  P-  JoumI  Osbom  and  Hargitt  Hydroid  colony,  10 

mm.  high  or  less;  hydranth  with  16  tentacles;  medusa 
hemispherical  with  an  apical  projection,  2  mm.  high  and  broad,  with  2 
long  tentacles  and  2  additional  tentacular  bulbs;  manubrium  short, 
squarish,  with  4  oral  lobes:  on  spider  crabs  (Libinia)  at  Cold  Spring 
Hsrbor.  L.  L 


98  C<ELENTEBATA 

8.  Stomoiooa  Agassiz.  Trophoeome  like  Perigonimtu.  Qonosonie: 
meduBa  more  or  less  conical  with  an  apical  projection;  with  2  long  mar- 
ginal tentacles  and  a  squarish  manabrium  and  4  oral  lobes 
and  the  often  ver^r  large  gonads  on  the  side:  6  species. 
B.  apicata  (McCrady)  (Fig.  158).  Hydroid  form 
unknown;  entoderm  of  manubrium  greenish  in  color  in  the 
male  and  brownish  in  the  female;  base  of  the  tentacles 
purplish  or  yellowish;  size  4  mm.  by  3  mm.:  Florida  to 
Vineyard  Sound ;  Europe. 

B.  mgosa  Mayer.     Similar  to  preceding,  but  with  14 
rudimentary  marginal  tentacles  together  with  the  2  long 
ones;   base  of   the  tentacles  and  manubrium  brick   red; 
5  mm.  high:  eommon  at  Newport,  B.  I.,  Hnd  southwards. 
4.    Ratkksa      Brandt      (Liitia 
Forbes).         Trophosome       unknown. 
Gonosome:   medusa   subconical   with 
marginal  tentacles  in  8  clusters  of  3 
to  6  each;   young  with  only  4  ten- 
tacles;   manubrium   buds   off  young 
medusae;  4  branching  oral  tentacles; 
no  ocelli:  8  species. 

K.  grata  A.  Agassiz  (Fig.  159). 

Medusa  3  to  6  mm.  high,  transparent:  Maesacbusetts 
Bay  to  Newport,  R.  I.;  often  common. 

5.  Nemopsu  Agassis.  Trophoeome  like  Boa- 
gainviUia  except  that  the  medusae  arise  from  the 
hydranths.  Qonosome:  medusa  like  Bougainvillia 
hut  with  a  pair  of  short-knobbed  tentacles  directed 
upwards  from  each  group  of  long  tentacles  and  with 
gonads  extending  on  to  the  subumbrella:  2  species. 
N.  bachei  Ag.  (Fig.  160).  Medusa  6  to  10  mm. 
high:  Florida  to  Vineyard  Sound;  common. 

Fault  4.  EXn)ENBIQ)A£. 
Trophosome:  colony  branching,  rising  from  a  letioolated  hydro- 
rhiza;  perisarc  distinct  and  variously  annulated;  hydranth  with  trumpet- 
shaped  hypostome  (Fig.  150)  and  a  single  whorl  of  filiform  tentacles. 
Oonosome:  no  free  medusae;  male  sporoaaos  in  a  whorl  just  beneath, 
and  the  female  sporosacs  usually  just  ^ove  the  tentacles  uid  oeeasion- 
ally  on  the  hydrocaulns:  1  genus. 

Einuun>Biu](  Ebrenberg.    With  the  oharaeters  of  the  family:  about 
1  species. 


Fig.  1S9— JtefUos  grata  <HsrKltt). 
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Key  to  the  eptaea  of  Eudenriidae  beie  described ; 

Oi  Golonr  lUfc  <8  to  IS  cm.  Ugk). 

bi  Branches  aunnlatcd  at  their  bue  onlj B.  EUtoauif 

i.  Branches  coropletel;  annulated B.DI8FAK 

a.  Colon;  small  (less  than  3  cm.  long) ELlSIfUK 

E.  nmonim  (L.)  (Figs.  150  and  161).  Colony  profusely  branehed, 
10  to  15  em.  high,  with  oyimnetricol  branches;  tentacles  abont  20;  male 
sporosaca  reddish  and  in  maniliform  clusters;  female  sporosacs  orange 
and  pyriform:  abundant  on  piles,  rocks,  etc.,  in  ehallow  water  from 
North  Carolina  to  Labrador;  Pacific  Coast;  Europe. 

E.  diapv  Agassiz.    Colony  less  profusely  branched  than  abovof 


Flfr  161  Fig.  162 

rig.  lei—SBdaidrtUM  nMMMM   ([rem  Hargltt).     Fig.    162— ffydraoKota    ooMiKila 
(HcMurrldi).    1,  fHdIng  brdranth:  Z,  deteiulve 
hydraDtb ;  3.  nproouctlTe  bTdrantb. 


6  to  10  cm.  h^h;  tentacles  about  28;  sexes  distinct:  in  deeper  water 
from  Vineyard  Sound  to  Bay  of  Fundy. 

K  tenna  A.  Agassiz.  Colony  irregularly  branched,  25  mm.  in  height ; 
mole  sporoeacs  moniliform  and  pink;  female  sporosacs  orange  and  scat- 
tered over  the  hydrocanlus:  on  seaweed,  ete.,  is  shallow  water  from 
Buzzard's  Bay  to  Bay  of  Fundy;  not  abundant. 

Pamilt  5.    HTDEACTINIIDAB. 

Trophosome:  colony  incrustii^,  the  polyps  rising  separately  from 
an  inemsted,  spiny  bydrorhisa  to  which  the  perisarc  is  confined,  and 
potymorpbie,  consisting  of  3  types  of  individuals:  (1)  feeding  bydranths, 
whiefa  have  a  single  whorl  of  tentacles;  (2)  reproductive  individualB, 
bearing  dusters  of  sporosacs;  and  (3)  defensive  individuals  usually 
without  tentacles  but  with  nnmerous  nematocyste  at  the  apex.  Gono- 
stnne:  cfporoBaes  and  no  free  medusae  present:  1  genus. 
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HxDaAonMU  Van  Beneden.  With  the  charaeteiB  of  the  family: 
2  American  species. 

H.  ecMnaU  Fleming  (Fig.  162).  Colony  10  mm.  high;  reproductive 
individuals  without  tentacles:  usually  on  tbe  shells  of  Lennit  crabs  bat 
also  on  stones,  fucus,  piles,  etc.  -  very  common  on  Atlantic  coast ;  Europe. 

E.  ntUleii  Torrey.  Colony  5  mm.  high;  reproductive  individuals 
with  tentacles:  California. 

PiMiLT  6.    PODOCOBYNroAE. 

Trophosome:  like  that  of  Ei/draetiniidae.  Gonosome:  free  medusae 
preseat,  each  with  i  radial  canals  and  4  or  8  or  more  marginal  tentacles: 
several  genem. 

Key  to  the  genera  of  Podocorynidae  here  described: 
a.  Medusa   with  loag  tenUctea,   hydrold  on  Limulut,   shells  of  hermit  crabs, 

etc 1.  PoDoooRTnE 

o,  Margioal  tentacles  of  medDBarudimeDtar;;  hydroid  on  ViM«a. .  .2.  Sttlaotis 

1.  PoDOOOaTKE  Sars.  Trophosome:  like  Bydraclmia.  Gonosome: 
medusa  globular  with  8  or  more  rather  thick  tentacles :  11  species. 

P.  carnea  Sars  (Fig.  163).     Medusa  very  transparent,  3  mm.  high, 
with  4  marginal  tentacles  in  the  young  and  24  to  32  in  the  adult; 
manubrium  reddish  with  4  oral  tentacles: 
hydroid  on  lAmuhu,  crabs,  rocks,  etc 

P.  folgniuu    (A.   Agassiz).     Uednsa  1 
mm.  high,  hemispherical,  with  8  ma^inal  and 
4  oral  tentacles;  manubrium  buds  off  young 
medusae :   North   Carolina  to  Uassachusetts 
Bay;  common;  often  brightly  phosphoiescent. 
2.  STTLAOTia  Allman.    Trophosome:  col- 
ony consisting  of  very  long,  slender  hydranths 
rising  from  a  reticular  base.     Gonosome:  a 
sporosac  in  the  European  species,  but  in  the 
American  a  medusa  with  rudimentary  ten- 
tacles: several  species,  2  American. 
8.  hooperi  Sigerfoos.    Hydranths  20  mm.  long  with  18  to  25  ten- 
tacles; medusa  globidar,  I  mm.  in  height  with  8  rudimentary,  mai^jnal 
and  no  oral  tentacles  and  borne  on  specialized  hydranths,  just  below  the 
tentacles;    no   ocelli:    Long  Island    and   Vineyard    Sounds,   on  Naasa 
obsaleta, 

FAimY  7.    PBNNABIIDAR 
Trophosome:  colony  regularly  branching;  hydianth  with   a  basal 
whorl  of  10  to  12  filiform  tentacles  and  also  a  number  of  short  knobbed 


TDBULARIAE 


101 


tentoeles  on  the  hypoBtome.  Gonoeome:  either  a  tne  or  a  sessile 
medusa  with  4  radiatiog  canals  and  4  mdimentary  tentacles:  about  7 
genera. 

PxnrAKU  Oken.  With  the  charaoters  of  the  family:  abont  6 
species. 

P.  tiarella  (Ayres)  (Fig.  104).  The  bright  pink  hydroid  colony 
may  be  15  cm.  in  height,  and  is  attached  to  piles,  rocks,  or  seaweed  in 
aballow  water;  medusoid  buds  on  the  aide  of  the  hydranth;  medusa 


(Fig.  165)  an  elongated  bell  about  2  mm.  long  with  4  rudimentary  ten- 
tacles; the  medusa  ia  free-swimming  chiefly  during  midsummer,  the 
greater  part  of  the  year  it  is  more  or  less  sessile :  common  from  Maine 
to  Florida. 

Family  8.    COBTMOBPHIDAE. 

Trophosome :  hydranths  solitary  and 
of  large  size  with  a  basal  and  several 
distal  whorls  of  filiform  tentacles;  me- 
dusae produced  just  within  the  basal 
tentacles.  Gonosome:  free  medusae  with 
4  radial  canals  and  1  to  4  marginal  ten- 
tacles, one  of  which  is  longer  than  the 
rest:  several  genera. 

1.  OoKTXOXFBa  Sars.  Lai^  soli- 
tary polyps  with  a  soft  striated  outer 
snrface  and  no  well-defined  perisart, 
rooted  by  fllamentons  processes :  5  species. 

0.     pandnla     Agassis     (Fig.     166). 
Polyp  pendant,  3  to  10  em.  high  and 
bright  pink;  medusa  bell-shaped  with  a  projection  at  the  apex,  with 
1  large  and  1  to  3  radimentary  marginal  tentacles;  manubrium  extends 
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to  the  velum ;  length  6  nun. :  common  from  Vineyard  Sonnd  to  Onlf  of 
St.  Lawrence  in  8  to  30  fathoms. 

2.  Htbooodov  Agsssiz.  Trophosome:  polyp  lai^,  solitary,  with  a 
well'deflned  perisarc  and  hydrorhiza;  hydrantb  with  a  baaal  and  2  distal 
whorls  of  filiform  tentacles;  jnst  within  the  base  of  the  former  mednsae 
are  budded  off:  2  species. 

H.  prollfer  Agassiz  (Fig.  167).  Orange-colored  bydroids  4  em.  high, 
with  longitudinally  striated  perisarc  which  is  annnlated  jnst  below  the 
hydrantb;  mednsa  hemispherical  and  asymmetrical,  with  5  medidional 
orange-colored  bands  at  maturity  and  with  1  to  3  long  marginal  ten- 
tacles, from  the  thick  base  of  which  secondary  medusae  bud :  on  rocks  in 
clear  water  from  Vineyard  Sound  to  Uassachusetts  Bay;  not  common. 

3.  EOTOFLSVSa  Agasaiz.  Trophosome :  hydroid  like  Tvbularia,  being 
indistinguishable  when  without  gonophores.    Gonosome:  free  medusae. 


ng.  le?  FlK.   lOS  F\g.  169 

flc.  167 — Hvbocodm  proUfer  (Ma^er).     Fli.  iO^—Eetopleura  oohraoea  (Husltt). 
Fig.  169 — Tunitopili  nutrUmta  tHarer). 

rather  elongate,  with  2  or  4  tentacles  from  the  base  of  which  lines  of 
nematocysts  estend  on  the  surface  of  the  bell  to  its  apex :  3  species. 

£.  ochracea  A.  Agassiz  (Fig.  168).  Uedusa  about  3  mm.  in  height 
with  a  large  manubrium  and  S  loi^tndinal  bands  of  nematocjrgta  on 
exumbrella:  Cape  Cod  to  South  Carolina;  eommon. 

Family  9.    DENDBOCLAVIDAE. 

Trophosome:  colony  branching,  with  an  elongate  hydranth  at  the 
end  of  each  branch  bearing  18  to  20  short  flUform  tentacles  scat- 
tered over  it.  Gonosome:  a  free-swimming  medusa  produced  below 
the  hydranth:  2  genera. 

1.  TiTBBlTOPBn  UcCrady.  Hydroid  form  as  above;  medusa  hemi- 
spherical, with  8  to  70  equidistant  tentacles;  4  reddish  gonads:  1  species. 

T.  BTttrlcnla  McCrady  (Fig.  169).  Medusa  4  to  6  mm.  in  diameter: 
Cape  Cod  to  Florida;  often  common. 


TDBULARIAE  103 

Faiolt  10.    TUBDLABIIDAE. 

Tropfaosome:  polyps  solitary  or  eolonial,  of  Ui^  size  and  bright 
pink  in  color;  hydranths  with  a  baaal  and  a  distal  whorl  of  flUtorm  ten- 
tacles. Gonosome:  medusoids  remain  attached  to  the  polyp,  b«ii^  sus- 
pended from  long-branched  stalks  above  the  basal  tentacles  and  varyingf 
in  form  from  sporosacs  to  perfect  medusae;  no  free  medusae;  the  female 
medosoids  produce  peculiar  free-snimming  hydroid-like  bodies  called 
actinnles:  1  genus, 

TvwiLAMiA  L.    With  the  characters  of  the  family:  about  20  species. 

Key  to  the  species  of  Tubularia  here  described : 

0,  PoIfp>   Dnbrancbed,   in  gronps  of  4   to  8;   medusoidH   with   dUtinct   radtal 

canals T.  oouthodti 

o,  PoItpb  branched ;  oTteo  no  distinct  radiai  canals  in  medusoids. 

i,  Hjdraoth  with  collar T.  labtkz 

b.  No  collar  present. 
Ci  Hydranth  large ;  often  in  muddy  water. 

if,  SporuBsc  with  conical  apical  process T.  BPKCTabujs 

d^  Female  sporosac  with  flattened  apical  process T.  CBOCCA 

C  Hrdranth  amall;  often  in  clear  water T.TBnEij[.a 

T.  contbon;!  Agaasiz  (Fig.  170). 
Individuals  unbranebed,  7  to  15  em. 
high;  hydranth  often  expanding  20 
mm.  or  more,  with  a  basal  whorl  of  30 
to 40  tentacles;  mednsoid  with  distinct 
radial  canals:  on  sandy  bottoms  in 
shallow  or  brackish  water,  in  clusters 
of  5  to  10  indiridualB;  New  England 
coast. 

T.  larynx  Ellis  and  Solander.  In- 
dividuals somewhat  branched  and  ex- 
tensively annulated  and  living  in  clus- 
ters, 2  to  5  em.  hi^;  a  collar-like 

expansion  just   below  hydranth,  the  ^'-  "**~J'£^m^  eouthouyt 

latter  with  16  to  20  basal  tenUcles; 

female  medusoid  with  a  conical  apical  process  and  no  distinct  radial 
eanals:  in  shallow  water  from  Cape  Cod  northwards;  California;  Europe; 
on  rocky  and  shelly  bottoms. 

T.  Bpectabills  (Ag.).  Colony  irregularly  branched,  sparsely  annu- 
lated, and  8  to  10  cm.  h^b,  growing  in  a  tangled  mass;  20  basal  ten-  - 
taeles:  in  shallow  water  from  Rhode  Island  to  Bay  of  Fnndy. 

T.  teaalla  (Ag.).  Colony  25  to  40  mm.  high  and  like  preceding 
form  but  more  loosely  branched:  in  tide  pools  and  the  open  ocean; 
'  Hanacbusetts  Bay  to  Bay  of  Fund;. 
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T.  {Parypha  Ag.) 
crocM  (Ag.)  (Fig.  171). 
Colonies  growing  in  dense 
tufts  of  long  tangled 
stems  of  from  8  to  10  cm. 
in  height ;  sparingly 
branched ;  basal  tentacles 
20  to  24;  apical  process  of 
the  female  sporosac  fiat- 
tened:  common  on  pilea, 
docks,  etc.,  in  shallow 
water  from  Boston  sonth- 


FIs.  ni—^abularia  oroeea  (Anaal*).    A,  i .  , 

B,  t  BlDgle  bTantDtb.  vards;  California. 

Obdeb  4.  CAMFANULAAUI!.*  {Caltptobustga  ;  LEprouEDtiSAE. ) 
Colonial  hydromednsans  with  two  kinds  of  polyps  (Fig.  172),  the 
hydranths  or  the  nntritutive  polj-ps  and  the  blastostyles  or  the  reproduc- 
tive polyps.  The  perisare  does  not  end  at  the  base  of  the  polyp,  as  in 
the  tnbularians,  but  continues  over  it,  forming,  in  the  case  of  the 
I  hydranth  a  protective  cup  called  the  hydro- 

theca  and  in  the  ease  of  the  blastostyle  a. 
cylindrical  capsule  called  a  gonangium  or  a 
gonotbeca.  In  some  species  the  open  end  of 
the  hydrotheca  may  be  closed  by  projections 
or  valves  which  form  an  operculum  (Fig. 
173);  in  some  species  also  the  blastostyle 
projects  out  of  the  mouth  of  the  gonangium 
and  forms  a  lai^  cap- 
sule or  brood  chamber 
in  which  the  eggs  de- 
velop, called  the  aero- 
cyst  (Fig.  178).  The 
hydranth     has     never  *  0 

more     than    a    single  ^ 

whorl  of  tentacles  and  *^  "^ 

CampaaalamD  oper- 

FlK- 1T2 — A  cBnipanalarian      COn    in    mOSt    CaseS    be  cula  (NdttlDg).     A, 

bydrold    (from   Htanec).      1,  ,  .  ,.  .  two-y«lve<l  opercnlom ; 

hTdrmnth;  2.  hjdrotbeca ;  3,      retracted       Within       its        B,    one-TBlved  opercn- 

bluti»tyle ;  4,  gounslum.  .      ,        .  ,    .  lum. 

hydrotheca  or  extended 
beyond   it.     The  blastostyle  cannot  usually  be  extended   beyond  its 
gonangium  and   produces   within   it   the  gonophores;   these  constitute 

H.  B.  Tomr>  CnL  «C 
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the  medusoid  generation  and  may  either  be  liberated  as  free  mednsaey 
or,  remaining  in  the  gonangiom,  produce  the  sexual  products  there, 
which  escape  from  the  gonangium  as  free  larvae.  The  medusae 
(Fig.  191)  are  known  as  Leptomeduaae  and  (except  in  the  rfcottman- 
tUdae)  have  lithocysts  and  not  ocelli  as  sense  organs:  they  bear  the 
gonads  beneath  the  radial  canals  on  the  subumbrella:  about  8  families. 
Key  to  the  families  of  Campanulariae  here  described : 

A.  THE  HYDBOIDS. 

di  Hydrotheca  sessile,  t.  e.,  not  joined  to  the  stem  by  a  stalk ;  gonangium  contains 
sporosacs. 
^  Hydrotbecae  in  2  rows  (e^^cept  HydroUmania)  either  opposite  to  each  other 

on  the  stem  or  not 1.  Sbbtulabiida]: 

ftf  Hydrothecae  in  a  single  row  on  the  stem 2.  Plumuiabiida]: 

Oa  Hydrotheca  stalked  and  bell-shaped. 

hx  The  gonophores  are  eporoeacs 3.  CAMPANULAsnDAB 

h^  The  sronophores  are  medusae ;  hydroid  forms  very  little  known  except  in  the 
genera  Obelia,  Clytia,  and  Laodicea. 

4.   EUCOPIDAE.      5.   iEQUOBEIDAE.      6.  THAUMANTIIDAB 

B.  THE  MEDUSAE. 

The  Ist,  2nd,  and  3d  families  produce  only  sporosacs  and  no  free  medusae. 

Hi  Four  simple  radial  canals;  lithocysts  and  no  ocelli  present 4.  Eucofidae 

Ot  Radial  canals  numerous    (8-100) 5.  iEquoBEiDAB 

a.  Radial  canals  4  or  8;    ocelli  present  and  no  lithocysts.  .6.  Thaumanthdas 

Family  1.    SEBTULABIIDAE.* 

Trophosome:  colony  usually  branching;  hydrothecae  sessile  (not 
stalked),  almost  all  with  opercula  (Fig.  173)  and  forming  two  rows 
along  opposite  sides  of  the  hydrocaulus  (except  Hydralltnania) .  Gono- 
some: gonangia  much  larger  than  the  hydrothecae,  there  being  only  a 
few  in  the  colony,  and  occurring  only  at  certain  times  of  the  year;  each 
gonangium  contains  a  blastostyle  which  produces  planulae;  no  free 
medusae:  about  15  genera  and  135  American  species. 

Key  to  the  genera  of  SertularHdae  here  described : 

Ox  Hydrothecae  in  two  rows. 
5i  Hydrothecae  exactly  opposite  each  other. 

Ci  Operculum  in  2  pieces  (Fig,  173,  A) 1.  Sebtulabia 

c.  Operculum  in  1  piece  (Fig.  178,  B) 3.  Diphasia 

bt  Hydrothecae  alternate  or  subaltemate  to  each  other. 
Cx  Hydrothecae  stand  out  from  the  stem. 
di  Hydrotheca  with  toothed  margin ;   operculum  of  3  or  4  pieces. 

2.  Sebtulabiella 
da  Hydrotheca  with  smooth  margin ;  operculum  of  one  piece.  .4.  Abietinabia 

c,  Hydrothecae  closely  pressed  against  the  stem 5.  Thuiabia 

a,  Hydrothecae  in  one  row,  the  openings  turning  alternately  to  the  right  and 
left 6.    Htdballmania 

*  See  "American  Hydrolds,  Part  II,  The  Sertnlarldae,"  by  C.  C.  Nutting,  U.  S« 
Nat  Ifius.  Spec.  Bull.,  No.  4,  1904. 
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1.  Sebtvlabxa  L.  Hydrotheeae  in  paiiB  along  the  stem,  the  mem- 
bers of  a  pair  being  exactly  opposite  each  other;  operculum  paired 
(Fig.  173,  A) ;  gonangia  have  plain  marginfs  and  are  of  simple  form :  about 
20  American  species. 

S.  pumila  L.  (Fig.  174).  A  simple  or  more  or  less  branched  colony 
1  to  5  em.  high  attached  by  a  creeping  hydrorhiza,  the  stem  being  divided 

into  short  intemodes,  each  bearing  a  pair 
of  hydrotheeae;  gonangia  oval,  sessile  and 
often  bearing  aerocysts,  the  male  gonan- 
*"    (rV^      7     gium  being  somewhat  more  slender  than  the 

female :  common  on  f ucus,  etc.,  between  tide 

lines,  from  New  Jersey  to  the  Arctic  Ocean ; 

California;  Europe. 

A  '  s  2-  Seetttlaexlla   Gray.     Similar  to 

Pig.  174— Sertularia  pumiJc     preceding  genus,  but  differs  from  it  in  that 

a^iW^B,t'g?2i"n°^um.        ^^^  hydrotheeae  are  alternate  on  the  hy- 

drocanlus  and  not  opposite,  and  possess  a 
prominent  operculum  composed  of  several  pieces;  gonanginm  usually 
deeply  annulated:  about  50  American  species. 
Key  to  the  species  of  Sertularia  here  described : 

Ot  Margin  of  hydrotheca  with  4  slight  teeth. 
hi  Hydrotheca  annulated. 

Ox  Annulations  only  on  upper  side S.  gate 

c^  Annulatlon  complete S.  bugosa 

bt  Hydrotheca  smooth S.  poltzonias 

Oa  Margin  of  hydrotheca  with  3  teeth S.  tbicuspidata 

S.  rngosa  (L.)  (Fig.  175).  A  small  colony  2  cm.  high,  either  un- 
branched  or  little  branched  and  with  annulated  stem;  hydrotheeae 
crowded,  annulated,  and  with  4  marginal  teeth;  gonangia 
large,  annulated  and  with  four-toothed  aperture:  New 
England  coast;  Puget  Sound;  Europe. 

S.  gasri  (Lamouroux).  Colony  attaining  a  height  of 
15  cm.  and  with  paired  or  alternate  branches;  hydrothe- 
eae wrinkled  or  partially  annulated  and  with  a  four- 
toothed  aperture;  gonangia  elongate,  ovate,  tapering 
towards  both  ends,  annulated  in  upper  portion :  Atlantic 
coast;  Europe.  SerfJloralte 

S«  polyxonias   (L.).     Irregularly  branching  colony         (MngBiey), 
attaining  a  height  of  12  cm.;  hydrotheca  smooth,  with  4 
teeth;  gonangium  deeply  annulated  and  with  4  teeth:  Atlantic  and 
Pacific  coast;  cosmopolitan;  common. 

S.  tricnspidata  (Alder).    Colony  12  cm.  high  or  less  and  slender 
with  alternate  branches;  hydrotheca  smooth,  with  3  teeth;  gonanginm 
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with  dMp  umolAtions  and  a.  bowl-shaped  orifiee:  New  England  eoast; 
eommon;  north  Paeiflo  coast;  Enropa. 

3.  DtPSASU  Agassiz.  Colony  more  or  laM  branehing,  jointed,  the 
hydrothecao  in  pairs  opposite  each  other  and  standing  ont  from  the 
stem;  a  single  operealom  present  (Fig.  173, B)  i 
goaangia  dimorphic,  the  female  being  the  larger 
and  often  Bnnnlated,  and  with  a  brood  pouch  in 
its  distal  half,  the  male  with  a  central  tabular 
orifice  Bud  4  spines:  10  American  speeiee. 

D.  fallax  (Johnston)  (Fig.  176).  Colony 
aboat  8  cm.  high,  with  simple  branching,  the 
ends  of  the  branches  being  often  tendril-like; 
gonangia  elongate;  female  gonangia  oval,  deeply 
cleft  into  4  s^menta:  Masaaebasetts  Bay  to 
Bay  of  Fondy;  Europe. 

D.  roaactt  (L.).  Colony  delicate,  abont  8 
cm.  h^i,  branching  alternately ;  gonangium  with 
longitadinal  ridges  terminating,  in  the  male,  in 

the  teeth  which  surround  the  orifice:  northerly       "«■  JJ^^hmSS)^ '**' 
New  England  ooast;  Europe;  common. 

4.  Amotimamja  Kirebenpaoer.  Hydrothecae  flaak- 
ahaped  and  alternate  or  subaltemate  with  operculum  of 
<me  piece  on  the  aide  next  to  the  stem  and  with  smooth 
margin :  16  species. 

A.  aUatina  (L.)  Sea-fir  (Pig.  177).  Colony  la^e  and 
boshy,  being  sometimes  30  em.  high  or  more,  with  alter- 
nate  branching,  with  very  laige  hydrothecae  and  relatively 
small  gonangia:  from  Vineyard  Sound  to  lAbrador;  north 
Pacific;  Enrope. 
5.  THUtAXU  Fleming.     Hydrothecae  altemat-  ^ 

ing  with  each  other,  more  than  a  pair  to  an  inter- 
node   and  closely  a^qtUed  to  the  Btem,  which  is         &, 
jointed :  20  species. 

T.  thuja  (L.).    Colony  very  rigid,  sometimea 
25  em.  in  height,  zigzag  in  shape  and  annulated 
near  the  base;  perisarc  very  dark  in  color;  gonan- 
gia  smooth  and  pyriform:  in   shallow   water  on      ^^'tea^iucSe^ %. 
northerly    New    England    coast;     Pacific    coast;        gonsngi^ ; «,  ■«»• 
Europe. 

T.  ugottM  (L.)  (Fig.  178).  A  laige  bnshy  colony,  often  20  or  30 
cm.  high,  branching  alternately  or  dichotomonsly ;  gonangia  broad,  taper- 
ing towards  the  base,  with  a  circular  aperture  and  usually  2  spines:  wy 
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conanoa ;  New  Jersey  to  the  Arctic  Ocean  from  low-water  mark  to  100 
fathoms,  nsnaUy  in  rather  deep  wat^r;  Pacific  coast;  Eorope. 

T.  cnprsuinft  (L.)-  A  slender,  elongated 
colony,  often  20  cm.  high,  branching  alter- 
nately and  dichotomouely;  gonangia  elongate 
with  a  prominent  spine  at  each  aide  of  the 
aperture:  eame  habitat  ae  the  preceding  but 
less  abundant. 

6.  HTDEAUJtAinA  Hincks.  Hydrothecae 
in  a  single  row  projecting  ont  from  the 
hydrocauluB  alternately  to  the  r^ht  and  the 
left;  colony   pinnately   branchii^;   3  species. 

H.  ftlcato  (L.)  (Fig.  179).  Colony  often 
30  cm.  high,  slender,  rather  r^d  and  with 
simple  branching;  on  each  branch  the  secood- 
aiy  branches  are  very  regular  and  feather-like; 
gonangia  ovate  and  simple:  on  stones,  shells, 
/»SS«.(S^^h^^*^  etc.,  on  New  England  coast  and  m  Long  Island 
Soimd;  Puget  Sound;  Europe. 


brsQEh    wltb   bj- 


Faiolt  2.    PLTTUUZiABIIDAE.* 

Trophosome:  usually  a  branched  colony  with  aessile  hydranths, 
which  are  borne  in  ti  row  on  small  branches  called  hydrocladia  (Fig.  180) ; 
between  the  hydranths  and  on  the  main  stem  and  branches  are  nemato- 
phoree,  small  specialised  defensive  polyps,  each  of  which  eonsists  of  a 
hydrotheca  and  an  elongated  body  armed  with  nematooyets.  Qonosome: 
gonangia  large,  the  blastoetyles  producing  planulae  and  never  medusae: 
about  43  genera  and  over  300  species,  being  a  quarter  of  all  known 
hydroids;  about  100  species  occur  along  the  Atlantic  coast  and  in  the 
West  Indies. 

Key  to  the  genera  of  Plumulariidae  here  described: 

0,  Oonaugia  not  protected  hy  special  branchlets ;  nematophores  tmmpet-eliaped 
and  movable, 
b,  H;drocladiB  do  sot  branch. 
o,  Colony  not  dichotomouslr  branched :    the  hydrocladia  arranged  in  whorla 

or  scattered  along  the  stem 1.  Anteksui^bia 

c.  Branching   dichotomouH :     hrdrocladia   all   arise   from   the   upper   aide   of 

branches Ji.  Monobtachas 

i,  Hrdrocladia  forked 3.  Schizotbicba 

a,  QonanKifl.   protected   by   special   branchleta ;     nematopbores   immoTable. 

4.  Cladocabfos 

•  See  "AmeriCTin  Hydrolda,  Part  I,  Tbe  PlnronlaritJae,"  by  C.  C.  Netting,  U.  S. 
Nat  Una.  Spec.  Boll.  Mo.  4,  1900. 
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1.  Antswitlabza  Lamarck.  Main  stem  of  colony  simple  or 
sparsely  branched  and  attached  by  a  massive  hydrorhiza;  hydrotheca  cup- 
shaped;  gonangia  borne  in  the  axils  of  the  branches:  6  American 
species. 

A.  antennina  (L.)  (Fig.  180).  Colony  a  dense  duster  of  upright 
stemsy  often  20  cm.  high,  obscurely  jointed,  each  intemode  bearing  a 
whorl  of  fine  branches  (hy- 
drocladia)  on  which  are  the 
hydranths  and  the  nemato- 
phores;  gonangia  ovate  and 
of  large  size,  in  the  axils  of 
the  hydrocladia:  from  Mar- 
tha's Vineyard  to  Bay  of 
Fundy  in  6  to  60  fathoms; 
Europe. 

2.  MOVOSTJBOKAB    All- 

ooan.  Colony  branching 
dichotomously  and  attaining  a  height  of  15  cm.;  hydrocladia  spring- 
ing all  from  the  upper  side  of  the  main  branches:  1  American 
species. 

M.  quadridens  (McCrady).    From  Martha's  Vineyard  southwards. 

3.  SoHZZOTBiOHA  Allman.  Colony  usually  a  cluster  of  simple  stems; 
hydrocladia  arranged  pinnately  and  branched  in  mature  specimens: 
4  American  species. 

8.  tenella  (Verrill).  Colony  branching  dichotomously  and  attain- 
ing a  height  of  5  cm. ;  stem  divided  alternately  into  longer  and  shorter 


Fig.  180 — Antennularia  antennina  (Nattlng).    1, 

hydraoth ;  2,  nematophore ;  3,  gonanglnm ; 

4,  hydrocladium. 


Fig.  181 


Fig.  182 


Fig.  ISl—Sehigotrieha  graoOUma  (Natting).    Fig.  182— CladoowTtM  fl^^iUt  (Nat- 

ting).     Fig.  188 — Haleaiitm  haiecinum  (Hargitt). 


intemodesy  the  latter  bearing  each  a  hydrocladium;  gonangium  eomu- 
eopia-shaped :  Long  Island  and  Vineyard  Sounds,  in  shallow  water,  often 
on  piles. 
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8.  gradlUma  (G.  O.  Bars)  (Fig.  181).  Colony  about  5  em.  high; 
branches  divided  into  regular  intemodes,  each  bearing  a  hydrocladiom: 
New  England  coast;  Europe. 

4.  Olasooabvub  Allman.  Colony  usually  branched;  hydrodadia 
not  branched ;  gonangia  borne  on  the  stem  at  the  base  of  the  hydrocladia 
and  protected  by  special  branchlets  armed  with  nematophores :  15 
American  species. 

0.  flezilis  Verrill  (Fig.  182).  Colony  up  to  20  cm.  long  and  slender; 
hydrotheca  long  and  cylindrical,  lying  close  to  the  hydrocladium;  pro- 
tecting branchlets  of  the  gonangia  branched  like  deer's  horns:  in  moder- 
ately deep  water  along  the  Atlantic  coast;  common. 

Familt  3.    CAMPANULABIIDAE. 

Trophosome:  either  a  branched  or  simple  colony  on  which  are  bell- 
shaped  and  usually  stalked  hydrothecae;  hypostome  trumpet-shaped. 
Gonosome:  gonangium  large,  the  blastostyle  producing  planulae  and 
never  free  medusae:  about  33  genera. 

Key  to  the  genera  of  Campamilariidae  here  described: 

Ci  Hydrotheca    rudimentary,    the    hydranth    not    being    entirely    retracted 

into  it 1.  Haleoiuk 

o»Hydrotheca  not  rudimentary. 
bx  Blastostyle  does  not  project  from  the  gonangium. 
Ct  Stem  not  completely  annulated. 

di  Gonanginm  without  acrocyst,  colony  not  parasitic 2.  Campanulabia 

dt  Gonangium  with  acrocyst;  colony  parasitic  on  other  hydroids,  etc. 

3.  CALTCELZ.A 

Cs  Stem  completely  annulated • 4.  Opebcuiabella 

hf  Blastostyle  projects  from  the  gonangium 5.  Gonothtbba 

1.  HALEonw  Oken.  Branching  colonies  with  creeping  hydrorhiza; 
the  hydrothecae  are  more  or  less  rudimentary,  being  shallow  and 
disc-like  or  funnel-shaped,  the  margin  often  with  a  circle  of  dots, 
into  which  the  hydranths  can  be  only  partially  retracted:  numerous 
species. 

H.  halednum  (L.)  (Fig.  183).  Colony  10  to  20  cm.  high,  rigid; 
hydrothecae  alternate  on  the  stem,  cylindrical,  often  annulated;  gonan- 
gia appear  in  a  row,  the  male  gonangium  slender  and  club-shaped,  the 
female  rather  irregular  in  shape  with  broad  distal  end  and  a  terminal 
aperture:  New  Jersey  to  Labrador;  in  shallow  water;  Puget  Sound  to 
Alaska;  Europe. 

2.  QjkXBATULAMiA  Lamouroux.  Colony  either  branched  or  simple, 
with  bell-shaped  hydrothecae,  which  are  without  operculum,  and  with 
or  without  maiginal  teeth:  many  species. 
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Key  to  the  epecies  of  CawtpoHuiaria  here  described : 
Oi  Calon;  not  branched,  the  hrdranthB  iMns  Mparntely  from  hydroiliiM. 

bi  Margin  of  apertnre  of  hrdrotbecn  not  toothed C.  rotanm 

bt  Mnr^n  toothed. 

e,  Teeth  square  at  top O.HUfOKn 

<^  Teeth  very  ahallow,  the  marsin  bring  ainuona CLvolcbius 

«^  Colony  branched. 
i.  Colon;  large,  over  10  cm.  high. 

Ci  Margin  of  aperture  toothed CtBbtiOiuat^ 

<^  Margin  of  apertnre  not  toothed Cauphoba 

bt  Colony  email,  cinder  3  cm.  hifb C.  rLEZCOU 

0.  potarinm  (Ag&ssiz).    Colony  onbranched,  with  the  hydranths  at 
the  end  of  long,  completely  aiuinlftied  stalks,  which  rise  separately  from 
the    hydrorhiza;    aperture   of   hydrotheca   not   toothed; 
hydrajith  with  24  tentaeles;  gonangia  slender  and  ovate, 
rising  from  the  hydrorhiza:  Vineyard  Sound  to  Labrador; 
low-water   mark   to    30   fathoms,   eommoo    on   seaweed; 


il  .Alder  (Fig.  184).  Colony  unbranched,  the 
hydranths  at  the  end  of  long  and  partially  annulated 
stalks  which  rise  separately  from  the  hydrorhiza;  aper- 
ture of  hydrotheca  with  12  square-topped  teeth ;  gonangia 
on  short  stalks  and  annulated :  from  Vineyard  Sound  to  campa»»- 
Maine,  on  stones  and  shells;  southern  California;  Europe.      *T^^^^ 

0.  Tolnbills  (L.).  Colony  unbranched,  the  hydranths 
at  the  end  of  long  completely  annulated  stalks  which  rise  separately 
from  the  hydrorhiza;  aperture  of  hydrotheca  with 
10  shallow-ronnded  teeth;  gonangia  rise  from  the 
hydrorhiza:  from  Vineyard  Sound  to  Greenland; 
low-water  mark  to  100  fathoms;  common;  Pacific 
coast;  Europe. 

0.  wtlcillats  (L,).  Colony  branched,  attain* 
ing  a  height  of  12  em. ;  hydrothecae  with  a  toothed 
aperture  borne  on  long,  partially  annulated  stalks 
which  form  whorls  around  the  stem :  Long  Island 
Sound  to  Maine,  in  4  to  45  fathoms;  Alaska; 
Europe. 

0.   unphora    (Agassiz).     Colony   branched, 

.^     attaining  a  height  of  15  cm.;  hydrothecae  with 

untoothed  apertnre  and  with  a  swollen  stalk; 
hydranth  with  30  tentacles;  gonangia  tnmcate:  from  Long  Island  Sound 
to  Qulf  of  St.  Lawrence;  common. 

0.  flaxnoaa  (Eincks)   (Fig.  185).     Colony  25  mm    high,  branched 
irr^nlar^;  stem  annulated  near  the  base  of  the  branches;  hydrothecae 
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with  ontoothed  apertnre  and  with  winuUted  stalks;  gonangia  large: 
Long  Island  Sound  to  Labrador,  on  piles,  etc,  abundant  towards  the 
north;  Europe. 

3.  Oaltoelu  Hincks.  Hydrorbiza  parasitic  on  other  hydroids, 
Bryoioa,  etc.,  and  sending  forth  short  annulat«d  stalks  bearing  elongate 
eylindrical  hjdrotheeae  which  have  opereula;  gonangiom  oval,  rising 
from  the  hydrorbiza  and  bearing  a  globular  acrocyst. 

0.  Bjrtinga  (L.)-  Hydrotbeea  longer  than 
its  stalk:  Long  Island  sound  to  Maine;  com- 
mon; Pacific  coast;  Europe. 

1,  n»CTmtT  »»*T.T  «  Hincks.  Stem  annu- 
lated  throughout  and  sparsely  branched  or 
nnbranched ;  hydrotheoa  with  operculum ; 
gonangium  with  acrocyst. 

0.  lacwata  Hioeks.  Hydrothecae  with 
short  stalks;  s^meots  of  operculum  very  long 
sad  slemder:  Long  Island  Bound  to  Maine,  on 
docks,  etc 

6.  GoHOTKTmxa  Allman.  Stem  erect,  ir- 
r^nlarly  branched,  more  or  less  annulated; 
hydrotheca  belt-shaped,  with  toothed  margin; 
the  blastostyle  produces  fixed,  medusiform 
sporosacs  with  rsdial  canals  and  tentacles,  i^ich 
project  ont  of  the  gonangia  bnt  are  not  free- 
iwimming:  several  species. 

O.  loveni  AUman  (Fig.  1S6).  Stem  10  to 
15  mm.  high;  from  the  mature  gonangium  project  3  to  5  sporosacs:  oo 
shells,  stones,  etc.,  in  shallow  water  from  Long  Island  Sound  to  Maine; 
Europe. 

G.  darki  Torrey.  Simitar  to  the  above  but  without  radial  canals  in 
the  sporosacs;  hydrotbeea  deep,  with  mai^  having  10  square-topped  or 
bicuspid  teeth:  Pacific  Coast  from  California  to  Alaska;  often  common 
in  shallow  water. 

Famlt  4.    EUCOPIDAE. 

Tropbosome:  colonial,  either  branched  or  simple;  hydrotbeea  bell- 
shaped  and  stalked,  the  margin  of  the  aperture  either  toothed  or  not; 
gonangia  lai^e  and  usually  in  the  axils  of  the  branches.  Gonosome: 
gonangium  large,  the  blastostyle  producing  free  medusae  with  lithocysts 
and  usually  without  ocelli,  with  4  radial  canals,  beneath  which  on  the 
subombrella  are  the  gonads,  there  being  as  many  gonads  as  radial 
canals:  about  34  genera. 
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Key  to  the  genera  of  Eueopidae  here  described  (hydroid  form  well 
knovD  in  ObeUa  and  Clytia  alone) : 

a,  HannbriaiD  of  medoBa  short;    bfdroid  moatlr  a  branchfnK  colony. 
&iHeduBB  Sat  and  disc-like;    hydmid  a  branchins  colony;    hydrotheca  often 

withoat  a  toothed  mai^Q 1.  Obelu 

h,  Hednsa  bell-shaped  or  hemiepberical. 
c,  Mednsa  with  no  more  than  16  marginal  tentacles. 
it  Medusa  without  cirri  at  the  base  of  the  tentadea ;  hydroid  not  or  Tery 

Bpatsely  branched ;  hydrotheca  with  toothed  margin 2.  Clttia 

d,  Hednsa  with  4  or  more  tentacles,  each  of  which  has  2  basal  cirri. 

4.  BUOHE1L0T& 

Oi  Medusa  with  more  than  10  teutaclM. 

d,Onl  lobes  fHlled 3.  Tllbofsu 

d.  Oral  lobes  not  frilled S.  Oounu 

9t  Hanubrinm  of  medusa  rery  long;   hydroid  moatly  nakaown. 

«,  TenUdes  4. fl.  BnniiA 

e.  Tentacles  of  adnlt  namerooB 7.  Tiiu 

1.  Obbua  Piron  and  Leeaenr.  Hydroid  colony  asoally  branched, 
the  stem  with  annulations  at  the  base  of  the  branches  and  the  bydrantbs; 
hydrotheca  often  with  ^  ontoothed    margin;    gonangium 

with  a  small  terminal  ^3^    a       aperture,  osually  SQironnded  by 

a  eoUar  or  neek;  me-  Akt         ^''^  more  or  less  disu-shaped,  t 

to  6  mm.  in  diametor,  j(  \i  with  12  or  more  mai^inal 

tentacles     and     S  ffl\     i^_i^Ti       lithocysts,     often     swim- 

ming  with  erarted       ^V%V     ip^'  bell:     nnmeroos     species, 


PU.   18T — ObcHa  6iehiitoma   (Xayer).     A,  eatirt  cOtniy;   B,  colony  enlarged;  C, 

the    medusae    of    which    can    often    not    be    distinguished    from    one 
another. 

O.  comtnlanmllB  McCrady.    Colony  tree-like  with  long  central  trunk, 

15  to  20  cm.  high,  sparsely  branched,  the  side  branches  springing  out  at 
right  angles;  hydrotheca  not  toothed;  gonangia  elongate;  medusa  with 

16  or  more  tentacles:  on  docks,  algae,  etc.,  from  South  Carolina  to  Bay 
of  Fundy;  common;  California. 

O.  dichotoma  (L.)  (Fig.  187).  Colony  rather  small  with  a  deep 
brown  stem  and  a  general  tree-like  appearance;  branches  zigzag;  hydro- 
theca  elongate  withoat  toothed  margin;  gonangia   long  and  oonical; 


114  C<BLENTERATA 

medusa  witli  16  tentacles  at  liberation:  from  Sontb  Carolina  nortliwards; 
common  on  stones,  seaweed,  etc.;  Pacific  coast;  Enrope. 

0.  senlcoUto  (L.)  (Fig.  188).  Colony  not  more  than  30  mm.  high 
and  consisting  usaally  of  a  single  zigzag  stem  bearing 
alternate  hydranths  on  short  annnlated  stalks;  gonou- 
gia  borne  in  the  angles  of  these  stalks;  medusa  with 
24  tentacles  at  liberation :  on  docks,  f ucus,  etc.,  from 
Long  Island  to  Labrador; 
very  common;  California; 
cosmopolitan. 

O.    calatinoM    (Pallas). 

Colony     tree-like,     profusely 

branching    and    very    laige, 

Vig.  188  being  sometimes  25  cm.  hi^ 

OBelta  oontc^lata      or  more,   with  central  stems  fi^,  189 — OlvHa  Moo- 

and  zigzag  branches;  hydro- 
tbecae  small,  with  toothed  margin;  gonongia  small;    medusa  with  16 
tentacles  at  time  of  liberation :  on  docks,  seaweed,  etc.,  in  shallow  water 
from  New  Jersey  to  UoasachusettB  Bay;  very  common;  Paget  Sound; 
Europe. 

2.  Olttia  Lamouroux,  Hydroid  colony  sparsely  branched  or  not 
at  all,  the  hydrantbs  being  at  tbe  end  of  a  usnolly  long,  more  or  less 
aimulated  stalk  which  rises  from  the  hydrorhiza;  hydrotheea  with 
toothed  margin;  gonai^a  often  annulated,  on  the  bydrorhiza  or  tbe 
stem;  medusa  with  16  tentacles  and  16  lithocysts:  8  species. 

0.  Ucophora  Agasaiz  (Fig.  189).  Colony  about  10  mm.  high;  medusa 
6  mm.  in  diameter,  bemiapherical  when  liberated  bnt  later  becoming 
more  flattened;  gonads  brown,  monnbrium 
short,  with  4  small  oral  lobes:  from  Soath 
Carolina  to  Arctic  Ocean,  on  fucus,  docks, 
etc.)  in  shallow  water;  often  common. 

3.  TIABOPSIB  Agassiz.  Hydroid  form  un- 
known; medusa  hemispherical;  marginal  ten- 
tacles very  numerous  in  adult;  mannbrium 
short  with  frilled  month  opening;  8  lithocysts 
above  each  of  which  is  an  ocellus:  6  species. 
T.  dUdematfc  Agassiz  (Fig.  190).  Mednsa 
15  mm.  in  diameter,  with  slopii^  sides;  manubrium  with  4  prominent 
lips:  New  England  coast;  often  abundant. 

4.  EvOHSiLOTA  McCrady.  Hydroid  form  nnkoown;  medusa  hemi- 
spherical; tentacles  each  with  b  pair  of  lateral  cirri  at  its  base:  6 
species. 
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B.  dvodsdiiulla  A.  Agassiz  (Fig.  191),  Tentadee  4,  each  with  a  pair 
of  cirri  at  its  base;  diameter  2,5  mm.;  manubrium  very  short:  Cape  Cod 
to  Florida;  often  common. 

6.  OoBAVU  P^ron  and  Lesnenr.  Hydroid  form  mostly  nnknown; 
medusa  hemispherical  with  16  or  more  tentaelee;  lithocysts  also  numer- 
ous in  adults,  2  being  between  eaeh  two  marginal  tentacles;  gonads 


colored  and  borne  along  the  outer  half  of  radial  can^s:  mannbrinm 
with  4  everted  oral  lobes;  6  species. 

O.  languida  A.  Agassiz  (Fig.  192).  Gonads  brownish  or  pink  or 
green;  tentacles  20  or  more;  diameter  20  mm.:  from  Bay  of  Fundy  to 
Florida;  often  common. 

6.  Etjtdu  McCrady.  Hydroid  form  unknown  in  most  species; 
medusa  bell-shaped  with  4  or  more  tentacles  and  a  very  long  manubrium 
extending  far  out  of  the  bell ;  8  lithocysts :  12  species. 

E.  nin  MeCr.  (Fig.  193).  Medusa  2  cm. 
in  diameter  and  half  as  high,  with  gonads  ez> 
tending  along  almost  the  entire  length  of  radial 
canals ;  tentacles  4  in  number  and  very  long, 
the  base  swollen  and  colored  green:  Florida  to 
New  England;  vety  common  at  Woods  Hole  in 
August. 

7.  Tnu  Eschacholtz.    Hydroid  form  minute;  ^^  ^^ 
medusa    hemispherical    with   a   long   mannbrinm 
sometimes  extending  out  of  tbe  bell,  at  the  end 
of  which  are  4  frilled  projections  surroundii^  the 

mouth;  tentacles  numerous;  gonads  extending  the  length  of  the  radial 
eanala  and  the  manubrium:  5  species. 

T.  fonnoaa  Agassiz  (Fig.  194).  Diameter  4  to  8  cm.;  gonads  and 
oral  lobes  milk  white:  New  England  coast;  often  common,  especially  in 
tbe  spring. 
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Fault  6,    .SQUOREIDAE. 
Trophosome:  mostly  nnknown.     (gonosome:  mednn  often  of  Urge 
dze  and  more  or  less  disc-shaped,  with   from  8  to  100  radial  eanftls; 
gonads  nsnally  ribbon-like;  8  or  more  lithocyats;  8  or  more  margioal 
tentacles:  abont  7  genera. 

Key  to  the  genera  of  ^qttoreidae  here  described : 
Oi  Hannbrinm  abort. 

b,  Badial  canals  8  to  20 1.  Halopub 

bt  Radial  canals  16  to  100 2.  JSqvoOA 

a,  Mannbriom  large  and  long S.  Ztoodaotyi^ 

1.  Halopsib  a.  Agassis.    Hedosa  dist^-like  in  adult  and  hemispfaer- 

ioal  ID  youth;  radial  eanals  12  to  20  in  4  groups;  marginal  litfaocysts, 

tentacles  and  eirn  numerous; 

manubrium  short  with  4  oral 

lobes:  1  species. 

H.  ocellata  A.  Ag.  Di- 
ameter 7  cm.:  New  England 
coast;  rare. 

2.  JEvJOiXJL  Finn  and 
Fig.  195-^B««™.  te,mu  (iuy«).  LesueuT.    Hydroid  form  mi- 

nute and  mostly  unknowa; 
mednsa  disc-shaped  or  hemispherical,  with  a  short,  wide  manubriiun 
and  nnmerona  radial  canals,  lithocysts,  and  tentacles:  10  species. 

A.  (Bhegmatod^  A.  AgassiE)  Mnnla 
A.  Ag.  (Fig.  195).  Radial  canals  20  to 
40  with  an  equal  number  of  gonads;  tea- 
tacles  numerous,  long  and  slender,  with  a 
spur  above  the  base  of  each ;  diameter  3 
to  10  cm.:  Vineyard  and  Long  Island 
Sounds;  very  irregular  in  its  occumoce. 
A.  alhida  (A.  Ag.)  Radial  canals 
and  tentacles  80  or  more  in  number; 
above  each  tentacle  is  a  spur;  diameter  7 
em. :  New  England  coast 

S.  Ztoodaottla  Brandt.    Hydroid 
form  imknown;  medusa  arched  and  with 

a  large  sac-like  manubrium  with  ezten-       Fit'  1S6 — ergoiaelvla  prvrnto*- 
sive  frilled  oral  lobes  extending  beyond 

the  velom;  sobumbrella  with  rows  of  warts  between  the  radial  canals: 
1  species. 

Z.  gnsnUndica  (P^ron  and  Lesuenr)  (Hg.  196).    The  largest  Amer- 
ican hydromedusan,  measuring  12  cm.  or  more  in  diameter;  radial  eanals 
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and  tentacles  80  to  100  in  number:  Greenland  to  North  Carolina,  the 
southern  variety  being  pink. 

Family  6.    THAUMANTIIDAE. 

Trophosome:  unknown  in  most  genera.  Gonosome:  medusa  ocel- 
late  and  without  lithocysts,  with  a  short  manubrium  and  usually  4  to  8 
radial  eanals:  about  14  genera. 

L  MsxjOBXTVic  Oken.  Hydroid  form  minute;  medusa  bell-shaped; 
8  radial  canals  and  numerous  long  tentacles  with  ocelli  at  their  base: 
4  species. 

M.  campanula  Agassiz.  Color  of  medusa  light  ochre,  tentacles  and 
gonads  darker;  manubrium  short  with  convoluted  lobes;  height  and 

diameter  2  cm.:  Cape  Cod  to  Greenland, 
often  abundant;  Europe. 

2.  Laodzoka    Lesson    {Lafaea   Lamou- 
roux).    Hydroid  an  unbranehed  colony  with 
^*  l»7— ^J*to^  cofconrta     a  fiUform  hydrorhiza;  hydrothecae  tubular; 

gonangia  oblong,  often  forming  encrusting 
masses  around  the  stem;  medusa  hemispherical  when  young,  but  flatter 
as  adult,  with  4  radial  canals  and  numerous  tentacles,  with  basal  cirri 
and  ocelli:  6  species. 

L.  calcarata  A.  Agassiz  (Fig.  197).  Hydroid  form  usually  parasitic 
on  sertularians ;  medusa  transparent  with  2  tentacles  at  birth,  but  many 
later,  which  are  quite  rigid;  manubrium  short,  with  fluted  sides;  diam- 
eter 25  nun. :  Massachusetts  Bay  to  Florida. 


Obdeb  5.    T&AOHOlflEDUSAS. 

Trophosome:  wanting  in  most  forms,  so  far  as  known;  where  pres- 
ent, of  minute  size  and  allied  apparently  to  the  Tubulariae.  Gonosome: 
free  medusae,  usually  rather  large,  more  or  less  bell-shaped,  with  a 
velum  and  4,  6,  or  8  radial  canals,  along  which  on  the  subumbrella  are 
the  gonads;  manubrium  usually  long,  often  extending  beyond  the  velum; 
tentacles  often  very  long  and  sometimes  springing  from  the  exumbrella; 
lithoeysts  with  concretions  of  entodermal  origin  and  either  freely  pro- 
jecting or  enclosed  in  pockets;  development  apparently  direct  in  most 
eases,  without  alternation  of  generations,  the  animals  being  essentially 
open-ocean  animals,  most  of  which  are  not  bound  to  the  shores  by  a 
hydroid  generation,  and  where  the  latter  is  present  it  is  apparently  in  a 
d^enerate  condition :  5  families  and-  80  species. 
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Key  to  the  families  of  Trachomedusae  here  described : 

«,  Radial  canals  4  or  6. 

6,  Gonada  not  plate-like,  nanally  UDdulating 1.  Pbtabidak 

b.  Gonads   plate-like. 3.  Qebtokudab 

Si  Radial  canals  8 2.  AaLAunaaE 


Family  1.    PETASIDAK 

TrophoBome:  mitiate  and  apparently  radimentaiy,  bo  far  as  known, 
pixibably  wanting  in  many  oasee.  Gonosome:  medusa  with  4  or  6  radial 
canals;  gonads  elongate  and  much   folded  or  sac-like;  tentacles  either 


Flf.  108— OoalMMaat  awirtaaM.     A,  hTdrold  (Perkins)  ;  B,  m«dDa«  <Hajer>. 

with  or  without  a  pad-like  duster  of  modified  nettle  cells  near  the  distal 
end  for  purposes  of  adhesion;  niannhriuin  short:  about  14  genera. 

1.  Oonorainra.*  A.  Agossii.  Trophosome:minute,sofarasknown. 
Gonosome:  medusa  with  4  radial  canals,  along  the  entire  length  of  which 
the  sinuous  gonads  extend;  adhesive  pad  near  the  extremity  of  each 
tentacle;  numerous  lithocysts  present:  7  species;  cosmopolitan. 

0.  mnrbMU  Mayer  (Fig.  IDS).  Trophosome:  solitary  hydra-like 
individuals  1  mm.  hi^h  with  4  tentacles.  Gonosome:  medusa  20  mm.  in 
diameter  and  half  as  high;  mai^nal  tentacles  from  16  to  80,  long  and 
stiff  and  green  at  the  base;  gonads  hrown;  manubrium  short  with  4 
frilled  oral  lobes:  Vineyard  and  Long  Island  Sounds. 

0.  vertens  A.  Ag.  Similar  to  the  above,  but  higher  than  wide: 
Pacific  coast  from  Washington  to  Alaska. 

2.  IbOBOKTmAf  Potts.  Trophosome:  a  minute  hydroid  witbont 
tentacles  and  solitary,  but  multiplying  by  lateral  budding.     Gonosome:  a 

•  See  "The  DeTelopmeot  of  aonlDDems  morbachll,"  b;  H.  P.  FerklOB,  Proc.  And. 
Nat.  Set.,  1S02,  p.  TSO. 

t  See  "On  the  Mednsa  of  Hlcrabjdra,"  etc.,  by  Edirard  Potts,  Quart.  Jonr.  Klc 
8ci.,  Vol.  SO,  p.  eS3,  1906.    "Mlcrobydra  Id  190T,"  Proc.  Delaware  Co.  Inrt.,  VoL  B,  p. 

89,  1908. 
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medusa  whieh  buds  from  the  hydroid,  bell-sbapcd,  wilh  4  radial  canals 

Slid  8  tentacles:  1  spMes,  in  fresh  water. 

H.  iTderi  Potts  (Fig.  199).     Hydroid  cylindrical,  witb  a  crown  of 

nematocystfl  around  the  mouth,  .5  ram. 

long,   often   branched  near  the  base 

into  two  equal  individuals;  medusa  .3 

nun.  hig^  and  .4  mm.  wide  at  birth; 

DO  sense  organs  or  gonads  observed: 

on  stones  in  rapid  streams  in  Phila- 
delphia; Qennany. 

3.      OxABrxDAOUBTA      Lankestef 

(LimnoeodiKm  Allmaii).   Trophosome: 

minute,  without  tentacles.  Gonraome: 

disc-like  medusa  with  4  radial  canals; 

tentacles    numerous,    of   several    dif- 
ferent lengths;  litbocysts  numerous; 

manubnum  long:  2  species;  distribn- 

tioQ  world-wide. 

0.   aovetU*    Lank.    <Fig.   200). 

Diameter   about    12    mm.;    gonads   4, 

suspended  from  the  radial  eanals,  greenish  in  color;  oral  lobes,  large, 
erenolated,  greenish;  bell  translucent 
with  a  faint  bluish  tint;  4  long,  about 
28  shorter  and  192  shortest  tentacles: 
in  a  fresh-water  aquarium  in  Wash- 
ington containing  tropical  water  lilies; 
also  in  similar  places  in  London,  Mu- 
nich, and  Lyons;  pnibably  introduced 
from  South  America. 

Family  2.    AOLAUBTDAE. 

Trophosome:  wanting.  Gonosome: 
medusa    with    8    radial    canals,    free 
lithocysts    and    gonads    in    ben^-like 
"*  ^''^ISSSmS^'V""'**'        "■*»«««    ""^     numerous    tentacles:    5 
genera. 
Key  to  the  genera  of  AgUtundae  here  described : 
O]  Qonada  8. 

6,  Gonads  tmme  on  manubrium 1.  AULAUaA 

6,  Gonads  borne  on  radial  canala 2.  AaT.i.NTHA 

0,  Gonads  2 3,  Pexsa 
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1.  AsLAVSA  P6ron  and  Lesueur.  Gonads  8,  on  maDubrium;  8  litho- 
eysts:  1  epeoiee. 

A.  hemlstoma  P£r.  and  Les.  Medasa  cyliDdrical  or  octagonal,  4  mm. 
high,  tmncated  above,  transparent;  radial  canals 
8;  tentacles  numerous,  very  short;  18  finger-like 
gonads  suspended  from  the  manubrium:  cosmo- 
politan. 

8.  Aqlaxtka  Haedcel.    Qooada  8,  on  snbom- 
brella:  3  species. 

A.  dlgltalifl  (O.  F.  Muller)  (Fig.  201).  Me- 
dusa elongate,  miter-shaped,  30  mm.  hi^  and  15 
mm.  wide,  with  8  radial  canals,  iHukish  and  trans- 
parent; tentacles  numerous;  gonads  elongate  and 
suqwnded  from  the  upper  end  of  the  subumbrella; 
n«.a>l  mouth  with  4  everted  lips:  North  Atlantic;  often 

^'"laiS^'"''*         common  on  the  New  England  coast. 

3.  PsKSA  McCrady.  But  2  gonads  present, 
which  are  tbick  and  elongate  and  on  opposite  sides  of  the  umbrella; 
6  lithooysts;  numerous  tentacles;  1  speciea. 

P.  incolorat*  UcCr.  Bell  thimble-shaped  and  colorless;  gonads 
yellowish;  tentacles  long  and  brittle  and  easily  broken  off;  3  mm.  high 
and  half  as  wide:  coasts  of  North  and  South  Carolina;  rare^ 

Family  3.    QERTONIIDAE. 

TrophoBome:  wanting.  Gonoe'ome:  medusa 
hemispherical;  manubrium  very  long;  6  or  8  en- 
closed  titbocysts;  radial  canab  4  or  6;  gonads  plate- 
like :  2  genera. 

loxion  Lesson.  Manubrinm  extending  far 
beyond  the  velum  and  with  a  square  mouth;  4 
radial  canals,  between  each  pair  of  which  are  1 
to  3  centripetal  (i.e.,  extending  from  the  cirenlar 
oanal  upwards)  canals,  and  4  to  12  tentacles:  20 
species. 

L.  axigna  (Quoy  and  Oaimard)  (F^.  202). 
Bell  hemispherical,  20  mm.  wide:  Onlf  Stream; 
If editerranean ;  occasionally  on  the  New  England 


'.AHoaeaa 
<Uii;«i 


Obdeb  6.    NAKOOHEDUSAE. 


TrophoBome:  wanting,  so  far  as  known,  development  being  direct, 
the  animals  living  in  the  open  ocean.    Qonosome:  medusa  with  lobed 
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margin;  tentacles  stiff  and  extending  from  the  exumbrella;  gonads  on  the 
subumbrella;  gastrovascular  cavity  a  wide  central  space,  either  circular 
in  outline  or  with  radial  pouches  or  canals  extending  outwards;  ring 
canal  follows  the  marginal  lobes  but  is  often  absent;  lithocysts  free 
and  often  projecting,  with  entodermal  concretions;  a  thickened  ecto- 
dermal ring  is  at  the  edge  of  the  umbrella  with  prolongations  called 
peronia  extending  to  the  base  of  the  tentacles,  and  often  others  also, 
called  otoporpae,  extending  upwards  from  the  base  of  the  lithocysts: 
2  families  and  50  species,  of  which  a  few  are  found  along  our  coast. 

Family  ^OINIDAE. 

Radial  pouches  of  gastrovascular  space  present:  11  genera. 

1.  OxnrooTAiiTKA  Haeckel.  Tentacles,  marginal  lobes,  and  radial 
pouches  8;  otoporpae  present;  the  larvae  live  parasitically  in  the  bell 
of  the  mother  or  some  other  medusa  where  they  bud  off  new  larvae  from 
a  stolon-like  prolongation  of  the  aiHcal 

end  of  the  umbrella:  5  species. 

0.  octonaria  McCrady  (Fig.  203). 
Diameter  7  mm. ;  manubrium  cone-shaped 
with  4  lips:  common  at  Beaufort,  North 
Carolina,  the  larvae  infesting  Turritopsis 
nutncula;  cosmopolitan.  ^'^  ^^^TSoK)**  ^^^'^^ 

2.  CmmrA    Eschscholtz.     Tentacles 

and  radial  canals  9  to  24;  the  larvae  live  parasitically  in  the  bell  of  the 
mother  or  some  other  medusa:  10  species. 

0.  lativentris  Gegenbaur.  Medusa  flat,  transparent,  about  16  mm.  in 
diameter;  tentacles,  marginal  lobes,  and  stomach  pouches  10  to  12;  litho- 
cysts on  each  lobe  4:  Atlantic  Ocean  and  Mediterranean  Sea. 

Order  7.    SIPHGNGPHGRA.^ 

Free-swimming,  colonial  Hydromedusae.  The  individuals  forming  a 
colony  are  in  a  high  degree  polymorphic,  there  being  several  orders  of 
individuals  all  of  which  are  in  communication  with  one  another  by  means 
of  the  common  gastrovascular  space.  Each  order  performs  a  distinct 
function  in  the  colony,  the  division  of  labor  being  similar  to  that  which 
obtains  among  the  various  organs  of  the  body  of  one  of  the  higher  animals. 
Two  general  types  of  structure  are  met  with  among  the  Siphonophora.  In 
one  (Fig.  204)  the  various  individuals  bud  off  from  a  long  axial  tube, 

^  See  "The  Slphonophorae  of  the  Ctiallenger/'  by  B.  Haeckel,  Challenger 
Beporta,  YoL  28,  1888. 
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the  upper  end  of  which  is  expanded  to  form  a  float  called  the  pneumato- 
phore  which  contains  air  or  a  gas  and  serves  to  keep  the  colony  right 
side  up  in  the  water:  in  the  other  type  (Fig.  205)  no  such  axial  tuhe 
is  present,  the  various  individuals  budding  off  from  the  under  side  of 

the  enormously  enlarged  float.  By  far  the  greater 
number  of  siphonophores  are  of  the  first  type.  The 
individuals  budding  off  from  the  axis  immediately 
back  of  the  pneumatophore  are  swimming  individ- 
uals or  nectophores^  these  are  present  in  pairs,  and 
each  has  the  form  of  a  hydrozoan  medusa  without 
the  manubrium.  Following  the  nectophores  at  in- 
tervals on  the  axis  are  similar  groups  of  individuals, 
each  group  consisting  usually  of  (1)  the  bract,  a 
flat,  scale-like  protective  individual;  (2)  a  club- 
shaped  palp;  (3)  a  nutritive  individual  or  gastro- 
zooid,  which  is  the  mouth  and  stomach  of  the  colony ; 
(4)  a  long  tentacle  with  nematocysts;  (5)  repro- 
ductive individuals  or  gonozooids,  which  are  usually 
unisexual.  A  colony  of  this  kind  swims  about  slowly 
in  the  sea  and  may  be  several  feet  in  length  and 
contain  thousands  of  individuals.  A  modification  of 
this  type  is  seen  in  the  deep-sea  siphonophores  of 
the  genera  Stephalia  and  EhodaUa,  in  which  the 
pneumatophore  is  very  large  and  the  axis  short  and 
thick.  In  StephaUa  a  mouth  is  present  at  the  terminal  end  of  the  axis, 
which  forms  the  chief  gastrozooid:  the  axis  is  thus  in  this  case  directly 
comparable  with  the  manubrium  of  a  medusa, 
of  which  the  pneumatophore  would  be  the  bell. 
In  Rhodalia  the  axis  has  lost  its  character  of  a 
gastrozooid,  not  having  u  mouth  at  the  lower 
end.  These  animals  are  probably  primitive 
siphonophores  and  seem  to  indicate  the  deriva- 
tion of  the  group  from  a  medu^n  instead  of 
from  a  mixed  hydroid  and  medusan  stock.  They 
also  form  a  connecting  link  between  the  two 
general  types  of  Siphonophora,  those  with  an 
axial  tube  and  those  which  have  none. 

Siphonophores  are  essentially  pelagic  animals,  although  some  forms 
are  found  in  deep  water.  They  belong  to  the  open  ocean,  especially  of 
the  warmer  parts  of  the  world,  and  are  among  the  most  beautiful  and 
conspicuous  animals  found  there.  The  order  contains  about  250  species, 
grouped  in  4  suborders. 


Lpbonopl 
Marrich).  1,  pneama- 
tophore ;  2,  necto- 
pbore;  8,  bract;  4, 
goDozoold;  6,  gastro- 
soold ;  6,  dab ;  7,  ten- 
tade. 
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Diagrain  of  a  Porpita 
(Delage  et  H4roaard). 
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Key  to  the  suborders  of  Siphonophora: 

Oi  Pnemnatophore  present. 
6a  Pneamatophore  very  large ;  nectophores  absent 

Cx  Pneumatophore  a  disc,  with  a  large  central  gastrosooid. . .  .1.  Duooniotae 
c^  Pneumatophore  more  or  less  cylindrical,  without  a  large  central  gas- 
trosooid  2.  Ctbtovmcsam 

ds  Pneumatophore  usually  small ;  nectophores  present ;  colony  usually 

elongate 8.  Phtsonictax 

a,  Pneumatophore  absent ;  nectophores  very  large ;  colony  swimming  rapidly. 

4.  Caltoonbotae 

SuBOBDSB  1.    DISCONECTAE. 

Siphonophores  with  a  veiy  large  diso-like  pneumatophore  and  with- 
out swimming  individuals  (Fig.  205).  The  pneumatophore  has  a  com- 
plex stmeture;  it  contains  a  number  of  air  ehambers  and  beneath  its 
eenter  is  a  single  laige  trunk  which  bears  the  principal  mouth  and 
stomach  of  the  colony.  Surrounding  the  trunk  are  small  reproductive 
individuals  which  bear  the  gonads,  and  surrounding  them  near  the  rim 
of  the  dise  are  long  daetylosooids  or  tentacles  armed  with  nemotoeysts. 
The  whole  colony  bears  a  striking  resemblance  to  a  medusa:  36  species, 
grouped  in  2  families. 

Family  VELELLIDAB.* 

Pneumatophore  a  circular  or  elliptical  dise  without  marginal  inden- 
tations: about  30  species. 

1.  VsLELLA  Bosc.  Disc  elliptical  and  very  flat  and  with  an  ele- 
vated ridge  passing  diagonally  across  it,  which  acts  as  a  sail  as  the 
animal  floats  on  the  surface  of  the  water:  13 

species. 

V.  mutica  Bosc  (Fig.  206).  Length  of 
disc  4  em.,  breadth  2  cm.:  along  the  South 
Atlantic  coast,  occasionally  off  New  England. 

2.  PosviTA  Lamarck.    Dise  circular,  and       Fig.  200— FeteOa  mutiea 
Without  the  sail:  8  species. 

P.  Unnieana  Lesson  (Fig.  205).  Diameter  of  disc  3  to  5  cm.:  along 
the  South  Atlantic  coast,  occasionally  off  New  England. 

Suborder  2.     CYSTONECTAE. 

Siphonophores  with  a  very  larg^  pneumatophore  from  the  under  side 
of  which  project  nutritive  individuals,  no  large  central  trunk  and  no 
swimming  individuals  being  present.  The  colony  floats  on  the  surface 
of  the  water,  often  carried  by  currents  and  the  wind  long  distances, 
and  can  sink  beneath  the  surface  by  compressing  the  pneumatophore 

•  See  "Tbe  Porpltldae  and  VelelHdae,"  by  A.  AgaRsIs,  Mem.  Mub.  Comp.  Zool., 
Vol  8, 1883. 
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and  driving  oat  the  air  or  gaa  through  a  pore  in  its  upper  side.    In 
order  to  rise  to  the  surface  again  it  fills  the  pnenmatophore  with  a  self- 
generated  gas.    The  suhorder  contains  30  species  grouped  in  5  families. 
Family  PHYSALIIDAE. 
With  the  aboTe-deacribed  characters :  4  genera  and  10  species. 

Phtsaua  Lamarck.  Pnenmatophore 
with  a  dorsal  crest  with  transverse  septa: 
4  species. 

F.  pelaglca  Bobc.  Portoguese  man-of- 
war  (Fig.  207).  Pneumatophore  up  to  12 
cm.  long,  pear-shaped  with  iridescent  col- 
ors; tentacles  long,  sometimes  stretching 
10  or  16  meters,  and  with  powerfnl  stinpng 
organs:  in  the  Qnlf  Stream  from  Florida 
to  TiDe<rard  Sonnd  and  occasionally  to  the 
Bay  of  Fundy;  often  common. 

Suborder  3.    PHYSONECTAE. 

Siphonophores  with  a  pnenmatophore 

with  a  long  trunk  or  axis  from  which  hnd 

off    nectophores    and    successive    similar 

groups  of  individuals,  eaeh  group  containing  usually  a  bract,  a  gastro- 

zooid,  a  palp,  a  tentacle,  and  a  gonozooid:  9  families  and  about  75 

species. 

FuiiLT  AGALMFDAE. 
Two  longitudinal  rows  of  alternating  nectophores;  trunk  long,  bear- 
ing numerous  groups  of  individuals:  30  species. 

OurvuTA  Qnoy  and  Oaimard  (Ntmomia  A.  Agassiz).  Four  to  6 
nectophores  in  each  row;  individnal  groups  not  all  of  the  same  impor- 
tance, there  being  secondary  gronps  lacking  the  gastrozooids  between 
the  principal  groups:  several  species. 

0.  cara  (A.  Ag.),  Length  of  colony  about  11  cm.;  Newport  and 
Massaohnaetts  Bay. 

Sdbordeh  4.    CALTCONECTAE. 

Siphonophores  with  very  large  swimming  individuals  (nectophores) 
and  without  pnenmatophore  or  palps,  the  individual  groups  consisting 
each  of  a  nutritive  and  one  or  more  reproductive  individuals,  a  covering 
bract,  and  a  short  tentacle.  The  colony  swims  rapidly,  in  contrast  to 
most  siphonophores,  being  partly  sustained  l^  a  drop  of  colored  oil 
present  in  each  neetophore :  5  families  and  96  species. 


Favily  DIPHYIDAE. 

TwD  aeetophores  present:  ID  geners  and  abont  35  speoiM. 

DlFUXa  Cuvier.  Neetophom  conical  and  very  large;  the  remain- 
der of  colony  can  be  retracted  into  a  groove  in  the  neotoi^ores  and  is 
constantly  being  shortened  by  the  breabing  off  of 
the  terminal  and  oldest  gronpe  of  individuala,  eaoh 
group  (which  is  called  an  Budoxia)  thus  separated 
leading  on  independent  life  and  becoming  sexually 
mature:  6  species. 

D.  bipartite  Coeta  (Fig.  208).  Total  length  30 
mm. ;  length  of  the  nectophores  10  mm. ;  body  trans* 
parent:  tropical  and  subtropical  Atlantic;  Mediter- 
ranean; occasionally  on  Kew  England  must;  often 
very  common. 

Glass  2.  SOTFHOZOA.  (ScrPHOUEDnSAE.) 
These  animals  have  usually  an  alternation  of 
generations,  in  a  few  (Pelagia),  however,  the  medu- 
soid  generation  and  in  others  (iMcemana)  the 
hydroid  alone  being  present    The  medosoid  plays  pi^,  208 

a  much  more  conspicuous  part  than  the  hydroid.  oipium  Ma«i4t« 
The  lattOT  is  a  small,  usually  non-colonial  animal 
called  the  soyphistoma,  which  is  less  than  a  centimeter  in  height  and 
resembles  the  fresh-water  Hydra  in  appearance  (Fig.  217,  A).  It  differs 
from  Hydra,  however,  in  that  the  aboral  end  is  fixed  to  the  bottom  in  a 
cnp  formed  of  the  perisarc,  in  the  possession  o£  four  longitudinal  folds 
of  the  entoderm  called  mesenteries  which  project  into  the  gastroTaECnlar 
space  and  o£  an  ectodermal  gnllet.  The  scyphistoma  is  an  asexual 
animal  and  reproduces  by  budding  exclusively.  New  scyphistomas  may 
be  produced  by  a  process  of  lateral  budding  from  stolons  sent  off  from 
the  foot.  The  medusoid  generation  is  produced  by  a  process  of  terminal 
budding  called  strobilation  (IV-  2I7,B).  The  scyphistoma  grows  in 
height  and  a  series  of  constrictions  appear  which  divide  it  into  a  number 
of  discs.  Each  disc  is  called  an  epbyra  (Fig.  217,  C)  and  is  a  young 
medusa  or  jellyfish,  which  on  becoming  free  grows  in  time  to  be  a  sexual 
animal. 

The  medusa  which  is  tfaus  produced  is  oftoi  a  large  animal;  Cyanea 
may  be  two  meters  and  more  in  diameter  with  tentacles  thirty-flve 
meters  or  more  long.  It  is  called  acraspedote  because  the  vclom,  which 
is  go  characteristic  of  the  craspedote  Hydromeduaae,  is  wanting  or 
rudimentary.  The  periphery  of  the  bell  is  lobed  or  scalloped  and  may 
or  may  not  have  tentacles.    The  manubrium  is  sometimes  very  long  and 
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large  and  extensively  branched  and  in  the  Rhizostomaia  the  mouth  is 
closed  by  the  coalescence  of  its  sides,  small  pores  remaining  through 
which  nutriment  is  taken  in.  The  gastrovascular  space  is  complex  in 
form  and  usually  consists  of  four  radial  pouches  forming  a  large  space 
in  the  center  of  the  animal  and  additional  radial  canals  which  often 
branch  and  may  be  joined  at  their  outer  ends  by  a  circular  canal. 

The  gonads  are  four  in  number  and  -often  brightly  colored;  they 
are  specialized  portions  of  the  entoderm  and  appear  in  the  interradii  of 
the  gastrovascular  space.  In  many  si>ecies  four  large  pockets,  called  the 
subgenital  pockets  (Fig.  216,  S)  and  probably  respiratory  in  function, 
are  present  in  the  subumbrella  directly  beneath  the  four  gonads.  Beside 
each  gonad  are  usually  a  number  of  cylindrical  mesenterial  filaments, 
armed  with  nettle  organs. 

The  finer  structure  of  the  Scyphozoa  is  essentially  like  that  of  the 
Hydrozoa,  The  mesoglea  is  different,  however,  in  that  it  is  much  firmer 
and  usually  cellular.  The  sense  organs  are  also  different,  being  perhaps 
modified  tentacles,  and  are  called  tentaculocysts  or  rhopalia. 

The  Scyphozoa  are  all  marine  and  among  the  most  familiar  animals 
along  our  shores.    The  class  contains  5  orders  and  about  180  species. 

K^  to  the  orders  of  Scyphozoa: 

Ox  Body  stalked  and  sessile,  there  being  no  medusa  stage.  • .  .1.  STAtTBOHEDUSAE 
Ot  Free-swimming  medusae  present 

(x  Medusa  with  distinct  constriction  about  its  middle .2.  Gobonatab 

6t  No  such  constriction  present 

Cx  Tentacles  present  either  on  the  margin  or  the  subumbrella. 
di  Medusa  cuboidal  in  shape  with  4  long  marginal  tentacles  or  groups  of 

them 3.  Cubomedusas 

dt  Medusa  with  8  or  more  tentacles  on  margin  or  subumbrella. 

4.  Seilsostomeae 
Ct  No  tentacles  on  margin  or  subumbrella 5.  Rhizostoicae 

Obdeb  1.    STAUBOMEDUSAE. 

Body  conical  in  shape  with  aboral  surface  usually  drawn  out  to 
form  a  stalk  by  which  it  is  temporarily  attached,  representing  a  sexual 
scyphistoma ;  margin  with  8  prominent  lobes,  each  with  a  cluster  of  short 
knobbed  tentacles;  without  sensory  organs  but  often  with  maiginal 
adhesive  pads  (marginal  anchors)  in  the  angles  between  the  lobes:  25 
species  and  2  families,  the  animals  usually  attached  to  seaweed  in 
shallow  water. 

Family  LUCEBNABIIDAE.* 

Margin  with  8  lobes,  each  with  numerous  knobbed  tentacles;  animal 
attaches  itself  temporarily  to  algae,  along  which  it  crawls :  5  genera. 

*  See  "Lucernariae  and  Tbelr  AUies,"  etc.,  by  H.  J.  Clark,  Smithsonian  Contrtbw 
to  Knowledge,  Vol.  23,  1878. 
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E^  to  the  genera  of  Lucemariidae  here  described : 

•)  AdheaiTe  pads  abaeut 1.  Lucebkiaia 

«,  AdbeelTe  pads  present. 

b.  Stalk  quadrate 2.  HaUCXTStub 

t.  Stalk  cylindrical 3.  HlLIHOCrATHUS 

1.  LtrozEKAau  O.  F.  UiiUer.  Hai^n&l  adhesive  pads  absent;  stalk 
eytindrieal:  8  epeciee,  1  American. 

L.  qiudtiGomifl  Miill.  Height  7  cm.;  diameter  5  cm.;  color  green, 
gray,  or  reddish;  tentacles  on  each  lobe  100  or  more:  Cape  Cod  to 
Greenland;  Enrope. 

8.  HALiOLTsm  Clark.  Eight 
marginal  adhesive  pads  between 
the  lobes;  stalk  quadrate:  0  spe- 
cies, 2  American. 

H.  auricula  Clark  (Fig.  209). 
Height  and  diameter  3  em.;  color 
variable;  tentacles  on  each  lobe 
100  or  more:  Cape  Cod  to  Green- 
land; Enrope;  Alaska. 

H.  ulpisx  Claric.  Height  20 
mm.;  diameter  25  mm.;  tentacles 
alender,  about  70  on  each  lobe; 
marginal  pads  yery  large  and  as 

long  «  the  tonUde.:  C.p.  Cod  lo    ^  j„,_j,.,„„,„  „„m.  Mjm. 
Greenland;  Adriatic  Sea. 

S.  HumooXATKUB  ClaA.  Ifarginal  adhesive  pads  present;  4 
gaatrogenital  pockets  present  in  rabumbrella  wall  of  the  gastro vascular 
pouches;  stalk  cylindrical:  2  species. 

H.  Ia(Mi*  (Haeekel).  Height  3  cm.;  diameter  7  nun.;  tentacles  on 
each  lobe  70:  Cape  Cod  to  Greenland;  rare;  Europe. 

Ordeb  2.    OOBONATAE. 

Hednsa  with  a  constriction  about  ite  middle;  margin  in  most  cases 
with  16  lobes,  long  tentacles  and  rhopalia:  5  families  and  27  species, 
which  are  osually  found  in  the  open  ocean. 

Fakily  L    PEBIPHTLLIDAE. 

Uarginal  lobes  16;  tentacles  4  or  more;  iliopalia  4:  4  genera  and 
8  itpecies. 

PisiTETixa  Steenstmp.  Twelve  tentacles;  bod;  conical;  4  deep 
snl^nital  pockets  (funnels);  gonads  horseshoe-shaped:  3  species. 
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P.  hradntliliift  Steen.  (Fig.  210).    Mednea  about  S  cm.  high  and  4 
«m.  wide;  ooLor  reddish:  Qreenland;  Golf  Stream;  cosmopolitan. 


mg.  210  F1«.  211 

Flc.  210— PeriphvUa  hsaeiniUna  (Hajer).    Pis.  211—Samttho«  pmmeUUa  <lUyM). 

Family  2.    BPHTB0P8IDAE, 

Usually  16  marginal  lobes;  9  rhopaUa  and  8  or  more  tentacles: 
3  genera  and  11  species. 

1.  Navbithos  Kblliker.    Gonads  8;  tentacles  8;  marginal  lobes  16; 
ectoderm  of  boll  with  clusters  of  small  crystals:  6  species. 

K.  pnncUU  Koll.  (Fig.  211).    Medusa  10  mm.  broad  and  4  mm. 
high;  mai^nal  tentacles  stiff:  cosmopolitan;  Gulf  Stream;  common. 

S.  ZiiwoKX  Eschscholtz.  Similar  to 
Nausithoe  but  with  sac-like  gastric  pouches : 
2  species. 

L.  TOcaicnUta  Esehs.  (Fig.  212). 
Uedusa  cylindrioal  or  tbimUe-shaped,  13 
mm.  high  and  16  mm.  wide:  Gnlf  stream; 
often  in  swarms. 

Oboeb  3.    OUBOICEDUSAE. 

Body  more  or  lees  cuboidal  in  form, 
with  a  single  interradial  tentacle  or  a 
group  of  tentacles  at  each  of  the  4  comeiB, 
the  bases  of  which  are  in  moat  forms 
expanded  to  form  prominent  flattened 
structures  called  pedalia;  rhopalia  4,  between  the  tentacles;  4  wide  gas- 
tric canals  in  which  aro  the  plate-like  gonads;  false  velum  (velarium) 
present,  which  together  with  their  enei^tic  swimming  movements  gives 
the  animals  the  appearance  of  craspedote  medusae:  1  family  and  aboni 
16  species. 
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FUULX  CH ABYBDEIP  A  E . 

With  the  characters  of  the  order:  6  genera. 

1.  Taxota  F.  Uiiller.    Four  tentacles,  with  prominent  pedalia;  4 
claBters  of  gastric  cirri:  1  species. 

T.  haplonesub  F.  Uiil.  (I^g.  213).    Heduan  9  cm.  high  and  5  cm.  in 
diameter;  exumbrella  covered  with  wart-like 
etnsters  of  nematocysts :  Loi^  Island  Sonnd 
to  West  Indies. 

2.  OHnopSALMira  Agaesiz.  Four  groups 
of  about  8  tentacles  each,  each  groap  ex- 
tending from  the  fingers  of  a  palmate  peda- 
linm ;  fingei^like  sacs  extending  into  the  cav- 
ity of  the  hell  from  near  the  hase  of  the 
monabrium :  4  species. 

0.  qnadntmuiiiB  Ag.  Medusa  10  cm. 
high  and  14  em.  in  diameter:  North  Caro- 
lina and  southwards,  often  common  in 
ahaUow  water.  "»■  ^^^TSI^,  ixipbmema 


(lUyer). 


Obdeb  4.    SEHiEOSTOUEAE. 


Konth  quadrate,  with  4  loog,  oral  lobes,  often  folded  and  frilled; 
marginal  tentacles  hollow,  often  very  long;  rhopalia  mai^inal:  3  familiea. 
Key  to  the  families  of  SemtBoitomeae: 

a,  Ver7  loQE  msrgliiBl  tentacles 1.  PELAOIIDAI 

«,  No  long  marginal  teotaclee. 

A,  Louk  tentacles  on  sabainbrella ;  no  mai^nala 2.  CTAimSAX 

&,  Short  maniinal  tentacles 3.  Udubuai 

Fakilt  1.    PELAQUDAK 

Large,  brightly  colored  medusae,  disc-like 
or  hemispherical  in  form,  with  wide,  simpls, 
radial  gastral  pouches  and  no  ring  canal,  and 
very  long  oral  lobes  and  marginal  tentacles: 
6  genera  and  18  species. 

1.  PzLAftiA  Fgron  and  Leenenr.    Eif^t  ten- 
tacles and  8  rhopalia;  16  marginal  lobes;  exum- 
brella covered  with  warts  of  nettle  cells;  devel- 
opment direct,  no  hydroid  stage  being  present: 
Fl».  2lt—PelagUt  ejoiMlto     7  species. 

(Maier).  p  cyaneU»  P6r.  and  Les.  (Fig.  214).  Diam- 

eter 5  em.;  height  4  cm.:  coast  of  Florida  and  the  Carolinas,  oeeasionally 
s  £ar  north  as  New  EngUnd. 


130  caSLENTERATA 

2.  Daottlohztba  Agasais.  Forty  marginal  tentaeles;  S  rfa<^)atia; 
48  margioal  lobes:  5  species. 

D.  qninqnedirha  (Desor).  Diameter  up  to  25  cm.:  Long  Island 
and  Yinej'ard  Soanda  to  the  tropics. 

FuoLY  2.  CTAm:n>AE. 

Lai^  disc-8hap«d  medusae;  radial  pouches  of  the  gastrovasenlar 
cavitj  veiy  wide  and  rami^ing  at  their  distal  ends;  no  ring  canal  and 
no  Bubgenital   pouches:    4  genera,   con- 
taiDing  the  lai^est  medusae;  6  species. 
Cyamxa  P^ron  and  Lesueur.    Eight 
groups  of  very  long  tentaeles  which  ex- 
tend from  the  subambrella;  oral  lobes 
very  long,  wide,  and  volimunoos,  between 
which  and  the  tentacles  are  the  4  lai^ 
buncbes    of  gonads    which    have    evagi- 
nated    from    the   gastrovascular  cavity; 
8  rhopalia  in  as  many  mai^nal  indenta- 
FTB.  216-C»«.«.  c<^uata  ™-.      "''^ "  ^  species. 
?S^ii'«"XJ'tEe''Sn1i,.?4  Ti  0.  capillata  (L.)  Tar.  uctio  P4r.  and 

"    ■     '      Les.  (Pig.  215).    Disc  usually  10  to  60 

cm.  in  diameter,  but  specimens  2  m.  in 
diameter  have  been  seen  with  tentacles  40  m.  long;  color  variable,  nsualfy 
purpli^  red  or  brown;  the  largest  jellyfish :  conunon  from  North  Carolina 
to  Greenland;  a  li^t-brown  variety  called  C.  fulva  Agassis  occurs  in 
Long  Island  Sonnd,  and  a  bluish-white  variety  called  C,  venicolor  Ag.  off 
tbe  Carolina  coast 

FUOLT  3.      TTT.MATtTTIiin 

Badiat  eanala  nar- 
row and  branching, 
forming  a  complex  sys- 
tem with  a  circular 
canal  joining  the  distal 
ends :  10  genera  and  17  ; 
speeiee. 

AoBilXA  P£ron 
and  Lesueur.  Oral 
lobes  long  and  rather 
narrow; .  mai^inal  ten- 
tacles minute;  body  flat  and  disc-like;  4  lai^  subgenital  pockets;  9 
riiopalia  in  as  many  marginal  indentations:  5  species. 
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(Aiai 
Irablll. 


a.  joung  glrabllla ;  C,  an  ephf  ra. 


A.  ftmita  (L.)  w.  fl»Tidal»  fir.  and  Les.  (Pigs.  216  and  217).  IKse 
may  be  30  em.  or  more  in  diameter;  color  white  or  blniBb  witb  pink 
gonads:  very  common  along  the  entire  Atlantic  coaat,  breeding  throngl^ 
out  the  summer,  the  scyphis- 
toma  stage  lasting  throughout 
the  irinter. 

Obder  6.    RHIEOBTOHAE. 

Mai^nal  tentacles  absent; 

8  oral  lobes  very  large  and  much 

bnnehed  extend  from  the  cen- 
ter   of   the    subumbrella   vith 

sucking  pores  along  their  edges 

which  take  the  place  of  a  month, 

the  mouth  being  usaally  obliter^ 

ated;  oral  tentacles  border  the 

pores:  63  BpecieB, 

1.  Stoholofsvb     Agassiz. 

Body   hemispherical;  the  fused 

oral  lobes  form  a  thick  cylinder  at  the  bottom  of  which  are  8  pairs  of 

frilled  lobea  and  a  central  mouth  opening;  8  rhopalia:  1  species. 

8.  Bwlaacris  Ag. 
(Fig.  218).  Diameter 
18  em,;  color  of  exum- 
brella  brown :  from 
Florida  to  North  Caro- 
lina and  occasionally  to 
the  coast  of  New  Eng- 
land; often  common. 
S.  Bhopilkka 

I  Haeckel.     Body   hemi- 

Bpherieal;  8  separated, 
3- willed  oral  lob  eg 
from  which  numerous 
club-shaped  filaments 
hang:  3  species,  one  of 
which,  R.  eseulenta,  ia 
the  edible  jellyflsh  of 
China  and  Japan. 
S.  TenUll  (Fewkes).    Diameter  35  cm.;  8  rhopalia;  color  yellowish: 

Linig  Island  Sound  to  North  Carolina  and  southwards. 


FIff.  218 — Stomotopk%t  wtelaaurU  (Usyer). 
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Class  3.    ANTHOZOA.     (AcrmozoA.) 

Corals,  sea  anemones,  etc.  C(»- 
lenteratea  in  which  the  polyp  form 
alone  is  present,  no  medusa  gener* 
ation  appearing.  The  body  (Fig. 
219)  is  itanally  cylindrical  in  form 
and  is  attached  either  permanently 
or  temporarily  at  one  end,  which, 
in  the  sea  bnemones,  is  called  the 
foot  or  pedal  disc.  The  other  and 
flattened  end  is  the  oral  disc;  in  its 
center  is  the  month  surrounded  by 
Fie.  2i9-Di««T»m  o(  .  loDgihidiD.i     ^°^°'*'  tentacles,  which  may  nnm- 

K??e?2rm'oS?£';'3"i;Sr.U\TS.'»eit.V;;     ^'^  fro-n  «"  to  several  hund«d. 

5w^;re's.?tTnriV?hri^''c>A'aSr.'ie7.'      The  mouth  is  not  round,  hot  an 

i^«™t';f^^  "'"'"'"" """"■"•  '■"'^'»=  elongated  sUt,  at  one  or  both  ends 
of  which  is  a  prominent,  ciliated 

groove  called  the  siphonoglyph,  through  which  the  genital  products  may 

reach  the  outside  (Fig.  220).    The  mouth  does  not  lead  directly  into  the 

gastrovascular  space,  but  into  a 

tube  lined  with  ectoderm  called  the 

gullet  which  opens  into  the  gastro-  ' 

vascular  cavity  below.    This  cavity 

is  divided  into  a  number  of  com- 
municating   chambers   by   six    or 

more  wide  longitudinal  ridges  called  ""Z 

the  mesenteries,  which  spring  from 

the  body  wall  and  project  towards 

the  center   of   the  cavity;    in    the  *'<> 

upper  portion  of  the  body,  certain  *    '' 

of  these  mesenteries  join  the  body 

wall   with    the  wall   of  the  gullet 

(Fig.  220),  thus  dividing  this  part 

of    the    gaafrovaseular   apace    into 

small  chambers  which  are  continued         ^k-  S20 — Diagram  of  a.  crota  seetlDii 

of    an     anthoioan     throush     the     gullet 

above  m  the  hollow  tentacles,  while        (Weysae).      l,   sIphonoBlypli ;    2,   gallet; 

.  8,    prtmary    meaentertes ;     4.     sMondary 

m  the  lower  portion  of  the  gastro-       mesenterlea ;   B,   terUarj  meaetltenes;  9, 

vascular  space  the  edges  of  the  mes- 
enteries are  free. 

Along  the  free  edge  of  each  mesentery  is  a  convoluted  thickening,  the 
meBentcrial  filament,  which  is  of  great  importance  inasmuch  as  it  contains 
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the  gonads,  and  also  nematocysts^  at  its  lower  end  lalso,  in  many  species,  , 
are  long  threads  called  acontia  charged  with  nematocysts  which  can  be 
protruded  from  the  mouth  and  also,  in  some  cases,  through  pores  (cin- 
elides)  in  the  body  wall.  The  mesenteries  bear  the  retractor  muscles,  each 
of  which  appears  as  a  prominent  ridge  on  one  side  of  it.  At  the  upper  end 
of  the  body  is  usually  a  strong  sphincter  muscle  which  draws  this  end 
together  and  closes  the  mouth.  The  body  wall  consists  of  the  two  main 
cell  layers  and  the  mesoglea,  which  contains  nucleL  The  mesenteries  are 
composed  of  mesoglea  and  entoderm;  the  important  retractor  muscles  and 
the  gonads  being  thus  of  entodermal  origin,  the  latter  migrating  later 
into  the  mesoglea  of  the  mesenteries  where  they  are  found. 

Very  characteristic  is  the  skeleton,  which  most  Anthozoa  possess.  This 
is  eomposed  either  of  calcium  carbonate  or  a  horn-like  substance  called 
oeratine,  both  of  which  are  secreted  by  the  ectoderm  and  serve  to  elevate 
the  colony  in  the  water,  bringing  it  into  a  favorable  position  for  main- 
taining itself. 

The  Anthozoa  are  in  most  cases  unisexual.  The  ova  and  sperm  are 
thrown  into  the  gastrovascular  space,  where  in  many  cases  a  portion  of 
the  development  may  be  carried  on.  In  some  sea  anemones,  the  young  are 
carried  awhile  in  pits  on  the  side  of  the  body.  After  a  short  free  life,  the 
young  animal  settles  to  the  bottom,  and  in  most  cases  becoming  fixed, 
develops  into  the  adult  animal.  Asexual  reproduction  by  budding  is  veiy 
general  and  leads  to  the  formation  of  the  colonies  which  are  so  character- 
istic of  the  group.  All  of  the  Anthozoa  are  marine  animals  and  are  espe- 
cially numerous  in  the  warmer  parts  of  the  world.  Corals  are  of  impor- 
tance to  man  because  of  the  coral  reefs,  banks,  and  islands  they  help  to 
form.  The  only  species  which  have  commercial  importance  are  the  red 
corals  of  the  Mediterranean  and  Japan  which  are  used  in  the  manufacture 
of  jewelry.  The  name  of  the  class  originated  with  Ehrenberg,  who  in 
1831  divided  the  polyps  as  then  known  into  two  groups,  the  Anthozoa  or 
flower  animals  and  the  Bryozoa  or  moss  animals.  The  class  contains 
over  2,000  living  and  many  fossil  species,  which  are  grouped  in  two 
orders. 

Key  to  the  orders  of  Anthozoa: 

Oi  Eight  pinnate  tentacles  present 1.  Alotonabia 

o.  Tentacles  simple  and  usually  numerous 2.  Zoanthakia 

Order  1.    ALOTONABIA.* 

Colonial  Anthozoa  with  8  pinnate  tentacles  and  8  mesenteries  (Fig. 
222,  B) .  A  siphonoglyph  is  present  on  but  one  side  of  the  polyp,  or  not 
at  all.    The  retractor  muscles  are  all  on  the  same  side  of  the  mesen- 

*  See  "Alcyonaria  of  Porto  Rico/*  by  C.  W.  Hargltt  and  C.  R.  Rogers,  Bull.  IT. 
8.  Fish.  Com.,  VoL  20,  p.  207,  1900. 
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teries,  that  which  looks  towards  the  siphonoglyph.  The  skeleton  eon* 
sists  of  calcium  carbonate  or  ceratine  spicules  imbedded  in  the  mesoglea, 
but  formed  by  cells  of  ectodermic  origin,  which  may  be  fused  together  in 
the  center  of  the  colony  so  as  to  form  a  compact  axis:  in  a  few  genera 
a  skeleton  is  lacking.  The  mesoglea,  stiffened  thus  by  the  spicules, 
together  with  the  outer  ectoderm,  is  called  the  coenenchym.  The  polyps 
are  seated  in  depressions  in  the  ccenenchym,  into  which  they  can  usu- 
ally retract,  and  are  in  communication  with  one  another  by  means  of 
entodermal  canals  (Fig.  222,  B).  The  Alcyonaria  are  often  brightly  col- 
ored and  phosphorescent  and  are  among  the  most  conspicuous  objects  in 
the  tropical  seas.  The  order  contains  about  33  families  and  over  600  living 
species,  grouped  in  5  suborders. 

Key  to  the  suborders  of  Alcyonaria  here  described : 

Oi  Colony  fixed  and  stationary. 

hi  Polyps  rise  from  a  stolon 1.  STOLomirERjL 

&i  Colony  erect. 

Ci  Central  skeletal  axis  absent 2.  Alctonacea.  "^ 

c.  Central  skeletal  axis  present 3.  Goroonacea  "^ 

Os  Colony  not  fixed  or  stationary 4.  Peitnatui^gka  ^^ 

Suborder  1.    STOLONIFERA. 

Colony  consists  of  independent  polyps  which  rise  from  a  mem- 
branous or  ribbon-like  stolon ;  they  are  not  continuously  joined  but  may 
be  united  by  transverse  tubes  or  plates:  3  families. 

Family  COENULARIIDAE. 

Polyps  not  joined  together  except  by  the  creeping  stolon  from  which 
they  spring;  spicules  usually  absent:  about  15  genera. 

OoKmruLBiELLA  Verrill.  Upper  portion  of  polyp  retractile  into  the 
rigid  lower  portion;  spicules  present:  1  species. 

0.  modesta  Ver.  Pol3rps  6  to  18  mm.  high  and  3  mm.  in  diameter; 
color  of  stolons  and  lower  part  of  polyps  yellow  or  brown :  Casco  Bay  to 
Gulf  of  St.  Lawrence,  from  30  fathoms  to  deep  water. 

Suborder  2.    ALCYONACEA. 

Colony  usually  branching,  without  central  axis;  ccBnenchym  with 
spicules  and  usually  fleshy:  about  10  families  and  over  100  species. 

Family  1.    ALCYONIIDAE. 

Colony  simple  or  branching  and  more  or  less  massive;  polyps  elon- 
gate and  joined  by  entodermal  canals;  ccenenchym  with  numerous 
spicules:  about  12  genera. 

ALOTOimnc  L.  Colony  composed  of  short,  thick  lobes  and  soft  or 
leathery;  x>olyps  long  and,  with  the  exception  of  the  outer  end  with  the 


ANTEOZOA  135 

tentacles,  entirely  bnried  in  the  mass  of  the  ocenenehjmi  whieh  forms 
the  bulk  of  the  colony:  numerous  species. 

A.  camemn  Agassiz.  Colony  yellowish  or  reddish  in  color,  lobed 
or  arborescent  and  4  to  10  cm.  high:  from  Long  Island  Sound  to  Gulf 
of  St.  Lawrence,  from  low  water  to  80  fathoms. 

Family  2.    NEPHTHTIDAE. 

Colony  more  or  less  dendritic,  consisting  of  a  sterile  trunk  and 
branches  bearing  polyps;  consistency  soft  and  leathery;  polyps  not 
retractile,  with  tentacles  folded  over  oral  disc  when  at  rest:  10  genera. 

Spovoodss  Lesson.  Colony  massive  or  dendritic ;  spicula  in  periph- 
ery of  polyps  so  numerous  that  neither  the  polyp  nor  their  tentacles 
are  retractile;  polyp  surrounded  by  giant  spicules  which  project  from 
its  base  beyond  the  tentacles:  40  species. 

S.  portoiicensifl  Hargitt.  Colony  about  45  mm.  high,  whitish  in 
color,  densely  spinose :  near  Porto  Rico,  in  75  fathoms. 

Suborder  3.    GORGONACEA. 

Sea  fans,  sea  whips,  red  coral,  etc.  Colony  usually  branching  exten- 
sively and  with  a  central  skeletal  axis,  composed  of  compacted  spicules, 
which  is  either  calcareous,  horn-like,  or  composed  of  calcareous  alternating 
with  horn-like  s^ments;  a  rind  of  coenenchym  containing  spicules  covers 
this  axis,  in  which  the  polyps  are  imbedded,  being  joined  together  by 
entodermal  canals:  about  11  families  and  over  250  species. 

Familt  1.    COBALLIIDAE. 

Colony  erect,  branching,  with  a  dense,  calcareous  axis  of  fused 
spicules  surrounded  by  canaliferous  coenenchym  bearing  spicules:  about 
3  genera. 

CoBALLTinc  Lamarck.  Red  coral.  Pol3i>s  white  in  color  and  re- 
tractile; spicules  and  axis  red;  axis  thick  and  longitudinally  ridged  by 
entodermal  canals,  very  hard,  forming  the  red  coral  of  commerce:  about 
a  dozen  species,  in  the  Mediterranean,  eastern  Atlantic,  and  off  the  coast 
of  Japan« 

C.  nobile  (Pallas)  {C.  ruhrum  Lam.).  Colony  up  to  30  cm.  high:  in 
the  central  and  western  Mediterranean,  being  fished  principally  off  the 
eoast  of  Africa  and  Italy. 

Family  2.    GOBGONIIDAE.' 

Colony  erect  and  branched,  often  in  one  plane;  axis  horn-like,  occa- 
sionally horn-like  and  calcareous;  polyps  occur  in  rows  and  on  two  sides 
only  of  the  stem  and  branches:  12  genera. 
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Ooieoxu  L.  Colony  arborescent,  often  fan-shaped,  the  branohes 
being  in  the  same  plane  and  often  anaatomosing  bo  as  to  form  a  network; 
polyps  retractile:  uomerous  species. 

a.  flabeUtun  L.  Sea  fan  (Fig.  221). 
Colony  a  network  with  meshes  2  to  6  mm. 
wide,  yellowidi  or  reddish  in  color  and  ap  to 
50  cm.  high  and  wide:  Sooth  Atlantio  and 
West  Indies,  in  shallow  water. 

O.  acerosa  Pallas.  Colony  dendritic, 
with  long,  slender  branches,  the  smaUer 
branches  being  arranged  pinnately,  tip  to  80 
cm.  hig^,  straw-colored :  Weet  Indies,  in  shal- 
low water. 

FuoLT  3.    PLEXATTBIDAE. 
FIs-221 
Omv<miafiab«aii»  Colony   branched   and   erect,   with   the 

polyps  scattered  over  entire  surface;  axis 
hom-Iike  or  horn-like  and  calcareons;  ctenenchym  thick;  polyps  rather 
large  and  projecting:  10  genera. 

1.  EnnosA  Lamouroox    (Fig.  222).    Colony  arborescent;  tmnks 
cylindrical;  polyp  edges  bil"**^  -"•  -«""»»■ 
axis  horn-like:  numerous  sj 


'.  A.  (Hlrsitt)  entire  eolonr:  B,  (Cbnter)  croM  nctic 
..  eipaoded  polyp ;  S,  longltudlDal  Kctlon  ol  polyp ;  S,  ci 
ncted  polyp  1  4,  ceutnl  siIb  ;  C,  entoderm^  cftUO. 
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E.  cruw  Edwards  and  Haime.  Caloiiy  np  to  60  «m.  high  and  baU 
as  broad;  diameter  of  trunks  8  to  15  cm.;  ccBnencbym  thick,  corky: 
West  Indies. 

S.  PLKzauxBiJ.&  Kiilliker.  Colony  arborescent;  trunks  cylindrical; 
axis  bom-like  and  calcareous;  cup  edges  smooth;  ccenencbyin  usually 
vei;  thick. 

P.  dichotonu  Dana.  Stem  12  to  20  mm.  thick;  brancbes  smooth, 
club-shaped;  color  brownish:  West  Indies;  very  common. 

Sdbohdeb  4.    PENNATULACEA.* 

Sea  pens  and  sea  feathers.    Colony  not  fixed,  but  capable  of  inde- 
pendent movement  and  consistii^  of  two  parts,  a  stalk  which  is  im- 
bedded in  sand  or  mnd,  and  an  npper  part  called  the  rachis,  which  bears 
tbe  polyps  and  may  have  the  fonn  of  a  feather,  a  rod,  a  broad  plate;  a 
central  calcareous  or  horn-like  axis  usually  present ;  outer  layer  of  mesoglea 
permeated  with  spicules  forming  a  crust;  polyps 
large  and  in  communication  with  one  another  by 
entodermie    canab    and   dimorphic,   the   autozooids 
being  of  ordinary  structure,  the  smaller  siphono- 
zooids  having  no  tentacles  or  gonads  and  reduced 
mesenteries  and  serving  for  the  infiow  and  outflow 
of  water  through  the  entodennal  canals :  15  families 
and  over  200  species. 

Family  1.    PENNATULIDAE, 

Sea  feathers.  Rachis  elongate  with  paired  lat- 
eral branches  or  pinnulae;  siphonozooids  confined 
to  lower  side  of  rachis :  about  4  genera. 

PxnATXTLA  Lamarck.  Pinnnlae  long,  trom  20 
to  50  in  number  on  each  side,  bearing  the  autozooids 
on  their  upper  margin:  several  species. 

F.  acnleato  Danielsen   (Fig.  223).    Length  10 
em.;  rachis  with  nnmerous  spines  among  the  sipho- 
nozooids; color  deep  red,  stalk  rose-colored,  becom-  ^^-  '^^ 
ing  whitisb  at  the  base:  Gulf  of  St  Lawrence  to      ^"^vt^rtuj*'""'" 
Carolina,  in  100  to  500  fathoms;  common;  Europe. 

P.  grtadlis  (Ellis)  {P.  boreali»  Sars).  Lei^h  op  to  60  cm.;  color 
orange;  breadth  14  cm.:  Newfoondland  to  Nantneket,  in  100  to  600 
fathoms. 

•  See  "Die  PeanatQUaeo,"  br  A.  KSIUker,  rraoktort,  1870. 
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FuiiLT  2.    FDNICDLINIDAE. 
Sea  pens.     Stalk  short  and  thicker  than  the  quadrangular  rachis 
which  b  long  and  slender  and  b«ars  the  autozooids  in  oblique  rows; 
sntozooids  retractile;  aiphonozooids  confined  to  lower  side  of  rachia: 
1  genus. 

FmnoULDlA  Lam&rck.    With  the  charactera  of  the  family :  2  species. 

F.  armata  Verrill.    Let^h  up  to  60  em.;  auto- 

zooidB   deep   purple;   rachia  yeUowish  below  and 

brownish  above:  Newfoundland  to  Nantucket,  in 

100  to  400  fathoms. 

Fault  3.    BENHXIBAB. 

Rachis  broad  and  circular  or  reniform,  with 
the  poljps  confined  to  the  ui^r  surface;  no  axial 
skeleton:  1  genus. 
Ranua  rtntformit  EzmiXA  Lamarck.    With  the  characters  of  the 

(CambH^^Satnral        family:  10  species. 

B.  renifoimis  (Pallas)  (Fig.  224).  Upper  part 
pink  or  violet  in  color,  polyps  white;  7  cm.  long:  on  the  Carolina  coast, 
in  shallow  water;  West  Indies. 

Ordeb  2.    SOAITEHABLL 

Stony  corals  and  sea  anemones.  Anthosoa,  often  of  large  size,  moat 
of  which  secrete  a  stony  or  horn-like  skeleton.  The  tentacles  are  usually 
simple  (in  the  Australian  sea  anemone,  Actinodettdrort,  branched)  and  may 
number  from  six  to  several  hondred. 

The  mesenteries  (Fig.  220)  are  usually  Dumerous,  consisting  of  six 
primary  pairs  (protocnemea)  which  alone  are  present  in  the  most  primi- 
tive forms,  and  numerous  secondary  mesenteries  (metacnemee)  which 
are  usually  unilateral,  that  is,  in  pairs,  both  members  of  which  are  on  tbe 
same  side  of  the  gullet,  and  arise  in  series,  the  younger  and  smaller  pairs 
appearing  between  the  older  and  larger  ones.  The  gullet  is  joined  with 
the  body  wall  by  all  of  the  protocnemes  (except  in  Edwardsia)  and  usnallj 
by  certain  of  the  metacnemes,  the  two  pairs  of  protocnemes  which  join 
the  siphonoglyphs  with  the  body  wall  being  called  the  direetives.  The  order 
contuns  1,600  species,  grouped  in  three  suborders. 

Key  to  the  suborders  of  Zoantharia: 
a,  SkeletoD  present ;  antmalB  mostly  colonial. 

6,  Skeleton  hom-Uke 1.  AvrtPATBAXU.^^ 

b.  Skeleton  calcareooa S.  HADBErosAau.  - 

a.  No  skeleton:  animala  moetl;  solitary 2.  AOTiRuaiAi^ 
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SuBORDEB  1.    ANTIPATHARIA. 

Black  corals.  Colonial  Zoantharia  having  the  appearance  of  alcyona- 
liansy  with  a  hlack,  horn-like  central  axis  and  a  thin  CGsnenchym  in  which 
are  no  spicules;  polyps  usually  with  6  tentacles  and  6  mesenteries:  3 
families  with  about  100  species,  most  of  which  live  in  the  deep  sea. 

Family  ANTIPATHIDAE. 

Colonies  composed  of  long,  slender  stalks  and  branches;  polyps 
with  6  tentacles,  6  primary  mesenteries,  and  with  or  without  4  or  6 
secondary  mesenteries;  axis  beset  with  spines  and  with  a  central  canal: 
about  30  species. 

1.  AvnPATHza  Palla&  Colony  branching;  axis  with  long,  numer- 
ous spines:  about  15  species. 

A.  lariz  Esper.  Colony  up  to  1  m.  high  and  comx>osed  of  a  few 
long  main  stalks  each  bearing  6  longitudinal  rows  of  parallel  branches 
from  3  to  10  cm.  long:  West  Indies;  Mediterranean. 

2.  CzKSiPATEES  Blainville.  Colony  not  branched  but  consisting  of 
a  simple  long  and  flexible  and  often  spiral  stalk:  several  species. 

C.  spiralis  (L.).  Colony  <a  meter  or  more  long  and  spiral:  West 
Indies;  Mediterranean;  Indian  Ocean. 

SuBOBDSB  2.    ACTINIARIA.* 

Sea  anemones.    Skeleton  not  present;   animals  usually  solitary; 
often  very  brightly  colored  and  of  large  size,  occurring  in  all  parts  of 
.the  world,  in  all  depths  of  water;  the  animals  usually  attach  themselves 
'  temporarily  to  some  more  or  less  stationary  object  by  the  broad  sucker- 
like foot,  but  can  usually  move  about  slowly;  some  live  in  the  sand  and 
a  few  are  free-swimming:  about  400  species,  grouped  in  4  divisions. 
Key  to  the  divisions  of  Actiniaria: 

Ox  Eight  longitudinal  ridges  on  the  outer  surface  of  the  body. . .  .1.  Edwabdsiab 
Os  At  least  12  ridges  or  none  at  all. 
hx  But  2  rows  of  tentacles,  an  outer  marginal  and  an  inner.  .2.  Cbbiantheab 
ht  Tentacles  not  in  tw.o  rows. 

Ci  Animals  colonial 3.  Zoantheae 

0t  Animals  solitary 4.  Hbxactiniab 

Division  1.    EDWABD8IAE. 

Solitary  sea  anemones,  small  and  slender,  usually  imbedded  in  the 
sand,  the  foot  being  pointed  for  burrowing;  with  14  to  48  tentacles  and 

•  "Report  of  the  Actinia,"  etc.,  by  J.  P.  McMurrich.  Proc.  XJ.  S.  Nat.  Mus.,  Vol. 
16,  p.  119,  1893.  "Synopsis  of  North  American  Invertebrates,  The  Actiniaria,'*  by 
G.  H.  Parker,  Am.  Nat.,  Vol.  34,  p.  747,  1900.  "The  Actinians  of  Porto  Rico^*' 
by  J.  B.  Duerden,  BulL  XJ.  S.  Fish.  Com.,  Vol.  20,  p.  323,  1900. 
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8  meBenteries  (protocnemes),  2  additional  pairs  of  mdimentary  protoe- 

nemes  and  a  few  small  metacnemes  being  also  present;  outer  surface 

characterized  by  8  longitudinal  ridges  and  often  incrusted  with  sand 

and  other  foreign  substances:  4  genera  and  about  20  species. 

1.  Edwabosia  Quatrefages.    Form  slender,  prismatic;  tentacles  16 

or  less  in  2  circles  of  8  each,  of  which  the  outer  circle  is  the  larger; 

2  siphonoglyphs :  several  species. 

S.  elegans  Yerrill.    Number  of  tentacles  16;  length  25  nmL:  north 

of  Cape  Cody  in  shallow  water. 

£.  leidyi  Yer.    Number  of  tentacles  16;  length 

30  mm.;  diameter  1.5  mm.;  parasitic  in  Mnemiopsis 

leidyi:  Vineyard  Sound  and  southwards;  common. 

2.   Sdwabobzslla   Andres.     Form   cylindrical; 

tentacles  more  than  16,  usually  at  least  24,  of  which 

8  are  in  the  outer  row:  several  species. 

S.  lineata  YerrilL    Number  of  tentacles  18  to  30; 

length  25  to  35  mm.;  diameter  3  mm.;  color  brown: 

from  Yineyard  Sound  southwards,  in  4  to  12  fathoms; 

common  among  worm  tubes,  rocks,  etc. 

S.  sipunculoides  Stimpson  (Fig.  225).    Tentacles 

Fig.  225  20  to  36;  length  12  cm.  extended;  diameter  4  mm.; 

Bdwardtieiia  color  brown :  Cape  Cod  and  northwards,  in  shallow 

9ipunculoide9 
(Torrey).  water. 


Division  2.    OERIANTHEAB. 

Solitary  sea  anemones,  long  and  slender,  usually  imbedded  in  sand 
or  mud,  with  numerous  tentacles  in  2  rows,  an  outer,  marginal,  and  an 
inner,  circumoral  row,  and  with  numerous  mesenteries;  retractor  and 
sphincter  muscles  weak  or  wanting  in  the  adult,  ectodermal  muscles 
acting  as  retractors;  but  1  siphonoglyph  present;  ectoderm  with  nu- 
merous gland  and  nettle  cells  which  discharge  sufficient  mucus  and 
nematocysts  to  form  a  long  tube  in  which  the  animal  lives:  several 
genera  with  about  20  species. 

OsBiAHTHire  Delle  Chiaje.  Lower  end  rounded  and  provided  with 
a  terminal  pore:  2  species  on  the  Atlantic  and  3  on  the  Pacific 
coast. 

C.  americanuB*  Yerrill.  Marginal  tentacles  up  to  125  or  more; 
length  of  body  up  to  60  cm.  extended;  diameter  25  mm.;  color  brown: 
Cape  Cod  to  Florida,  in  shallow  water. 


*  Bee  "The  Strnctnre  of  Cerlanthos  americanns,*'  by  J.  P.  McMurrlch,  J<rar. 
Morph.,  Vol.  4,  p.  131»  1890. 
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0.  iK^eallB'  T«r.  (Fig.  226).  Tentaelea  very  nnmeroas;  length  of 
tN>dy  op  to  45  cm.  extended;  diameter  4  cm.:  Long  leUnd  Sonnd  to  Bay 
of  Fmidy,  in  7  to  150  fathoms;  veij  rare 

sonth  of  Cape  Cod. 

DivisiOH  3,    ZOAHTHEAE. 

Usnally  colonial  sea  anemones  Bpringing 
from  an  incrnsting  or  atolon-like  base;  ten- 
tacles numerous,  in  1  or  2  rows ;  mesenteries 
with  a  characteristic  arrat^ment ;  1  sipbono- 
glypb  present:  about  8  genera  and  over  75 
species,  many  of  which  are  epizoio  in  habit, 
being  inemsted  on  hermit  crabs,  sponges, 
hydroids,  etc.;  several  genera.  p^  2^^ 

1.  ZoAMTBUS  Cuvier.    Polyps  clavifonn  certatHKat  borwHi 
or  cylindrical,  eloi^ate,  asnaUy  rising  singly  (Kingalej). 

from  a  network  of  stolons,  and  with  no  foreign  bodies  inemsted  in  their 
outer  surface :  numerons  species, 

Z.  sodatna  (Ellis).  Polyps  about  17  mm.  high,  springing  from 
stolons  or  rarely  an  incrnsting  membrane,  or  from  one  anotber;  tentacles 
48  to  60:  West  Indies. 

8.  EPUOAJiTBirB  Qray.     Surface  of  body  inemsted  with  sand  and 
other  foreign  bodies;  coUmy  consists  of  several  individuals  rising  from 
a  merobrane-Uke  base  which  may  cover  a  variety 
of  living  or  non-living  objects. 

E,  amerlcanns  Verrill  (Fig.  227).  Tentacles 
38  or  more;  height  of  polyp  25  mm.:  attached  to 
stones  or  to  hermit  crabs  in  20  to  400  fathoms, 
from  New  Jersey  to  Gulf  of  Saint  Lawrence. 


DiTiBiON  4.     HEXAOTmiAE. 

Solitary  sea  anemones,  often  of  large  size, 
with  6  paiia  of  mesenteries  in  the  simplest  forma, 
and  approximate  multiples  of  6  in  the  higjier  ones,  with  osnally  2  siphon- 
oglypbs  and  a  large  number  of  tentacles;  the  animals  osnally  fasten 
themselves  temporarily  to  rocks,  etc.,  by  the  flat  foot,  which  acta  like  a 
sucker,  and  can  move  slowly  from  place  to  place :  abont  300  species. 

J  l.a.  KlagUej,  TnfU  Coltef* 
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Key  to  the  families  of  Hexactiniae  here  described: 

0,  Pedal  dUc  nbacnt ;  UBuall;  sand  dweUen 1.  Haloahpidac 

«,  Pedal  dioc  present. 
(i  Acontia  absent. 

C  Bod;  tuberculated. 2.  Bonodidae 

o.  Body  not  tnbercnUted 8.  Pabaotioab 

It  Acontia  preaent 1-  Saoabtiidax 

Fauily  1.    HALCAHPIDA£. 

Pedal  disc  absent,  the  lower  end  being  ronnded  or  pointed  sod  often 
swollen;  mesenteries  few  in  niunber,  6  pairs  of  protocnemes  with  4 
to  6  pairs  of  metacnemes  being  present;  no  Special  sphincter;  tentacles 
12  to  36:  about  6  genera. 

1.  Haloahfa  GoBse.  Body  long  and  slender  with  longitadinal 
grooves  and  composed  of  3  sections,  an  oral  retractile  portion,  an  inter- 


(from  Parker). 

mediate  portion  usually  coated  with  sand,  and  a  pedal  portion ;  2  siphono- 
glyphs:  several  species,  which  live  in  sand  and  mud. 

H.  farinaceg  Yerrill  {Fig.  228).  Tentacles  12  in  2  rows;  body 
25  mm.  long  extended  and  3  mm.  in  diameter;  color  whitish,  with 
longitudinal  bands  of  brown;  disc  yellow:  north  of  Cape  Cod,  in  8  to 
10  fothoms. 

i.  BlOlDlDM  Agaasiz.  Twelve  tentacles  in  a  single  row ;  month  with 
a  proboscis  (conchula):  several  species. 

B.  paraaiticnm  Ag.  (Fig.  229).  Body  30  mm.  long  extended  and 
6  mm.  thick :  parasitic  on  Cyanea,  fixing  itself  by  the  month  on  the  manu- 
brium, subnmbrella,  or  in  the  gastrovascular  cavity;  also  in  the  sand: 
Cape  Cod  to  Bay  of  Fandy. 

3.  Eloaotis  Andres.  Body  slender  and  very  contractile;  tentacles 
abort  and  blunt  or  capitate  and  in  two  rows:  5  species. 

E.  piodncta  And.  (Fig.  230).  Tentacles  20;  body  with  20  longita- 
dinal ridges,  25  cm.  long  extended;  diameter  16  mm.;  color  whitish  or 
salmon :  Sonth  Carolina  to  Cape  Cod,  bnried  m  the  sand  or  on  the  noder 
side  of  stones  io  shallow  water. 
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Family  2.    BUNODIDAB. 

Body  often  of  Ui%e  size,  with  a  strong  entodennsl  sphincter  and 
nBoall;  a  tuberculated  outer  Borfaee;  about  10  genera. 

1.  BiniosES  Gosse.    Outer  surface  with  loDgitndinal  rows  of  tnber^ 
cles;  tentacles  rather  short,  retractile:  15  species. 

B.  atsUa  Verrill  (Fig.  231).    Body  50  nun.  high;  oral  disc  35  mm. 
wide;  tentacles  48  to  72:  north  of  Cape  Cod,  in  shallow  water. 

2.  Avi^AomiiA  Verrill.    Oater  surface  with  longitudinal  rows  of 
tubercles  on  upper  half;  lower  half  smooth:  several  species. 

A.  capitate  Ver.    Body  15  cm.  high  and  35  mm.  in  diameter;  ten- 
tacles 06  in  4  circles:  North  Carolina  to  Florida,  in  shallow  water. 

3.  ErtAOTU  Verrill.     Outer  surface  of  body  with  a  band  of  tigg 
pits  around  its  middle:  1  species. 

E.  pn^flTft  Ver.  (Fig.  232).    Height  10  mm.;  diameter  12  mm.; 


tentacles  about  96;  egg  pits  as  many  as  30  or  40:  Paeifie  coast  from 
Pnget  Sound  to  San  Francisco. 

4.  Tbaua  Gosse.  Outer  surface  with  scattered  tubercles;  body 
short  and  thick  and  more  or  less  covered  with  sand,  bits  of  shell,  etc.; 
tentacles  short  and  thick :  several  species. 

T.  crassicomifl  (0.  F.  Muller)  (Fig.  233).  Height  5  cm.;  diameter 
12  em.;  tentacles  160;  color  reddish  with  gray  tubercles:  northern  seas, 
extending  southward  to  Puget  Sound  and  Cape  Cod,  in  14  to  40  fathoms; 
EiDwpa. 

r.&itiLT  3.    PAltACTIDAE- 

Anemones  with  a  strong  sphincter  and  a  smooth  outer  surface :  about 
10  genera. 

1.  PAXAOTja  Uilne-Edwards.  Body  with  longitudinal  grooves;  ten< 
taeles  slender,  not  very  numerous,  and  all  of  equal  length:  several 
qieeies. 

P.  raplfoimla  (I^esson)  (Fig.  234).  Body  SO  mm.  high  extended, 
and  25  mm.  in  diameter;  surface  nearly  smooth,  pinkish  in  color;  pedal 
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disc  small;  tentacles  short:  buried  in  the  sand  near  low  water  mark;  from 

Cape  Cod  to  Hatteras;  Europe. 

j 

Family  4.    SAOABTIIDAR 

Anemones  with  a  sphincter  and  with  acontia;  cinclides  usually  present; 
tentacles  usually  numerous:  20  genera. 

1.  SA0ABTXA  Gosse.  Outer  surface  smooth;  oral  disc  not  lobed; 
cinclides  present;  tentacles  in  3  or  4  cycles  and  retractile:  many  species. 

S.  luciae  Yerrill.  Body  8  mm.  high^  6  mm.  in  diameter,  olive  green 
in  color,  with  about  12  longitudinal  orange  stripes;  84  tentacles  in  4  rows: 
very  common  on  stones  and  shells  in  tide  pools;  Long  Island  Sound  to 
Massachusetts  Bay  and  farther  north. 

S.  lencolena  Yer.  Body  elongate,  6  cm.  long  extended,  10  mm.  in 
diameter,  with  a  translucent  flesh  color;  tentacles  96,  in  4  rows:  common 


Fig.  234  Fig.  235  Fig.  236 

Fig.  23^— ParaetiB  rapifprmis  (from  Parker).     Fig.  280 — Saaartia  tMdeBta  (from 
Parker).    Fig.  236— IfetrMiitm  dianlhus  (from  Parker). 

under  stones  and  in  the  sand  in  shallow  water  from  North  Carolina  to 
Cape  Cod. 

S.  modesta  Yer.  (Fig.  235).  Height  6  cm.;  diameter  15  mm.;  color 
yellowish;  tentacles  60:  buried  to  the  tentacles  in  sand;  Long  Island  and 
Yineyard  Sounds. 

2.  METRmiTnc  Oken  (Actinoioha  Blainville).  Outer  surface  smooth; 
pedal  disc  broad;  oral  disc  lobed;  cinclides  present;  tentacles  very 
numerous  and  short:  several  species. 

M.  dianthns  (Ellis)  (M.  marginatum  Lesson)  (Fig.  236).  Length  up 
to  10  cm.,  width  7  cm.;  color  variable,  but  usually  brownish  or  yellow- 
ish :  the  largest  and  one  of  the  commonest  sea  anemones  on  the  Atlantic 
coast;  New  Jersey  to  Labrador,  from  low-water  mark  to  90  fathoms; 
Pacific  coast;  Europe. 

3.  Adaxbxa  Forbes.  Pedal  disc  adherent,  the  animals  fixing  themr 
selves  to  the  shells  of  hermit  crabs  or  to  crustaceans;  a  band  of  cindidial 
tubercles  around  the  base  of  the  column,  the  rest  of  which  is  smooth. 

A.  tricolor  Lesson.  Height  75  mm. ;  diameter  45  mm. ;  tentacles  500 
or  more  in  laige  individuals :  on  hermit  crabs;  North  Carolina  to  Florida, 
in  shallow  water. 
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SuBOBDXB  3.    MADREPORARIA.* 

The  stony  corals.  The  poljrps  are  either  solitary  or  colonial,  and 
s«orete  from  the  ectodenu  a  very  hard,  ealcareoiu  skeleton  (Fig.  237). 
This  nsnally  takes  tbe  fonn  in  each  case  o£  a  cnp  into  which  the  polyp 
or  zooid  can  retract  itself  and  wbicb  consists  esaentially  of  a  system  of 
radial  vertical  plates  or  septa  projecting  into  the  interior  of  the  polypj 
bat  always  covered  with  the  three  layers  of  the  body  wall  and  alternating, 
in  a  general  way,  with  the  mesenteries  (Fig.  238).  The  outer  edges  of 
these  stony  septa  nsnally  join  an  outer  wall  called  the  theca,  which  is 
the  onter  part  of  the  cap  in  which  tbe  polyp  sits.  In  the  middle  of  the 
cap  is  often  a  central  column  (colomella).  As  tbe  polyps  grow,  tbey 
constantly  bnild  np  the  theca  and  the  septa,  withdrawing  from  the 


Sig.  237  Fig.  3S8 


Vtg.  837 — Dtlgnmof  ■  coral  colon;  (Boai).  1,  eitended  coral  poljrp:  2,  retraeted 
coral  polyp ;  S,  loogltgdlail  wcUon  of  a  coral  polyp  ;  4,  caleareons  cup  from  wblcb  the 
poljp  tuia  beep  removed:  S.  eolamell* ;  6,  lepu:  7,  tbeca ;  8.  Ubolae.  Fig.  288 — 
Crosfl  Bertiod  of  a  coral,  the  stoay  Bkeletooa  belns  black  tBoas).  1,  uptum  ;  2,  mewD- 
tery  ;  3,  tbeca. 

deeper  portions,  which  may  become  cat  ofF  by  horizontal  partitions — 
the  tabnlae.  The  colonies  increase  in  size  by  growth  and  bnddlng  of 
the  polyps,  producing,  in  this  way,  the  coral  reefs  which  are  such  an 
important  feature  of  tropical  seas.  All  the  reef-forming  corals  live  in 
ahallow  water,  300  feet  being  the  majcimnm  depth  in  which  they  are 
found. 

Tbe  suborder  contains  over  1,000  species,  grouped  in  3  divisions. 
Most  of  the  species  are  found  in  tropical  or  subtropical  waters,  a  few, 
however,  oeeurring  in  temperate  and  even  in  Arctic  seas. 
Key  to  tbe  divisions  of  Madreporaria: 

a.  Coral  porous ;  septa  not  more  than  12 1.  PKBT0K4Ta 

Oi  Coral  solid ;  septa  usnall;  oumerous. 

bt  Septa  withoDt  cross  bars 2.  Afobosa 

ft.  Septa  with  croes  bars 3.  Funoaoka 

•  8«e  "Tbe  Florida  Reefs,"  by  L.  F.  Poartal^E,  Bull.  Comp.  Zool.,  Tot.  6,  p.  102, 
1880.  "The  TortusM  iDd  Florida  Reefi,"  by  A.  AgiHrii,  Hem.  Am.  Acad.,  Vol.  2, 
18S2.  "The  8tODy  Corals  of  the  Porto  Rlcan  Watew,"  by  T.  W.  Tansban,  BnlL 
C.  ft  Fish.  Com.,  Vol.  20,  Pt  2,  p.  281,  IBOO. 
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PEBFOKA.TA. 


Corals  whoUj  or  partly  porous  or  reticulate;  zooida  amall  with  Dot 
more   than   12  septa    (Fig.    239),    which    are   Bometimes    indistinet :   2 
families,    which    include    many    important 
reef-building  corals. 

Family  1.  ACBOPOBIDAE. 
Colony  usually  branched,  the  eoral 
being  porous  and  containing  canak  con- 
necting the  polyps,  which  are  usually  small 
and  crowded;  mesenteries  in  bilateral  pairs; 
enp  small,  deep,  without  columella  and  with 
6  or  12  septs:  about  8  genera  and  over  160 


Fix.  339 — Cnps  of  Porttea 


AoaoPOKA  L.  (Madrepora  L.).  Colon; 
branched,  being  either  flabellate,  radiate  or 
thick  and  little  branched  except  towards  the  periphery;  zooida  project- 
ing; terminal  polyps  with  6,  lateral  polyps  with  12  tentaclee;  color 
usually  due  to  symbiotic  algae:  many  species,  in  most  tropical  seas;  1 
species  in  the  West  Indies. 

A.  mnrlcata  L.  Colony  lai^  (1  m.  by  50  cm.],  and  usually  spread- 
ing, with  3  common  varieties;  A.  cervtcomis  Lamarck,  which  is  loosely 
branched,  A.  proUfera  I^m.  (Fig.  240),  in  which 
the  branches  are  more  crowded  and  often  fused 
together,  and  A.  palmata  Lam.,  made  up  of  largo 
£an-shaped  masses:  West  Indies  and  Florida. 

FufiLT  2,     POEITIDAE, 

Colony  with  &  variety  of  forms,  nsnally  iOr 
emsting  and  massive,  often  forming  thick 
branches,  bnt  rarely  dendritic;  zooids  small  and 
elose  tt^ther;  coral  porous  and  made  up  of  a 
system  of  trabecnlae  and  cross  bars:  aboat  12 
genera  and  100  species,  many  of  which  are  reef- 
bnilding. 

PoBiTBS*    Lamarck.    Cup    with    about    12 
Bfaort  septa;  columella  present  but  often  indistinct:   many  species,  2 
West  Indian;  often  forming  very  large  colonies. 

P.  poritos  (Pallas).     Colony  more  or  less  branching,  there  being 
3  well-marked   varieties;   P.    clavaria  Lam.,  consisting   of  very  thiek 

r  a.  ECatbbiiD,  Pcoc.  V.  B.  Nat  Uu.,  Vol  l<t, 
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npri^t  branefaes;  P.  furcata  Lam.    (Fig.  241),  to  irtiich  the  branohea 
are  slender,  and  P.  divaricata  LeaQenr,  in  which  the  branehes  are  quite 


Fl8.  242 

writM  (VUKbU).     Fig.  242— OeaNM 
tfiaa).    A,  the  entire  MloDT  :  B,  I  (liisl* 

-  slender  (6  mm.  in  diameter,  or  less)  and  spreading:  West  Indies  and 
Ftorida. 

P.  astTMides  Lam.  Colony  not  branching,  but  more  or  lees  globoBe> 
often  vith  thick  lobes:  West  Indies  and  Florida. 

Division  2.     AFOSOSA. 
Coral  solid ;  cup  with  usually  nomeroos  septa  (Fig.  242,  B) :  abont  10 

Key  to  the  families  of  Aporosa  here  described : 

a,  Hofltt;  BolitaiT  corals 1.  TuBSiNouiDAa 

a.  Colonial  corals. 

fti  Zooids   Dot  coDtiKHoas 2.  OctnJKIIUB 

b,  Zooida  close  together  or  cooflaent 3.  Astbeouk 

Faiuly  1.    TUBBINOLIIDAE. 

Mostly  solitary  corals,  with  nnraeroue  septa  and  without  a  true 
theea,  imbedded  in  the  sand  or  attached  to  some  object:  about  50  genen 
and  several  hundred  species,  of  which  the  greater  number  are  fossil, 

FXiABSLLini  Lesson.  Coral  solitary,  flattened  more  or  less,  tapering 
towards  the  base,  which  is  attached  in  youth  but  may  become  detached 
later:  over  50  specie*, 

F.  goodel  Verrijl,     Height  up  to  80  mm.;  greater  diameter  12  cm,, 
lesser  43  mm.;  color  in  life  salmon  with  brown  stripes;  a  very  fragile 
coral :  Hewfoondland  to  Florida,  in  200  to  500  fathoms. 
Familt  a.    OCULINIDAE. 

Colony  usually  dendritic,  with  large  zooids  more  or  less  widely  m^ 
anted  from  one  another;  coral  compact  with  12  to  48  distinct  septa  and 
QBually  B  columella:  about  22  genera. 

OonmiA  Lamarck.  Colony  dendritic  with  spirally  arranged  zooida: 
many  spedee. 
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O.   diffusa  Lftm.    (Fig.   242).    Colony   ver;   mnch   branclied,   the 

branches  forming  an  angle  of  about  30° ;  cnps  3  mm.  in  diameter:  North 

Carolina  to  Florida,  often  common  in  shallow  water. 

PiHTT.T  3.    ASTR£n>AE. 

nsnall;  colonial  corals  with  the  zooids  so  crowded  that  there  t> 

little  or  no  space  between  them,  and  in  some  cases  being  conflnenk; 

oolony  compact  and  massive  or  erect;  a  few  species  are  solitary:  hon- 

dreds  of  genera  and  species,  bo- 

ing  the  largest  family  of  corals. 

1.  AsTBXHBiA  Edwards  and 

Haime.     Colony  incrusting,  the 

zooids  being  distinct  and  more 

or  less  isolated,  with  6  septa  of 

the  1st  cycle,  6  smaller  ones  of 

the  2nd,  and  incomplete  3rd  and 

4th  cycles:  4  American  species. 

A.  danae  Agassiz  (Fig.  243).    Colony  small,  containing  from  6  to 

SO  iodividnals,  incrusted  on  stones,  shells,  etc.,  np  to  10  cm.  in  diameter 

and  6  cm.  high:  Florida  to  Cape  Cod,  in  shallow  water;  common. 

2.  Okbioella  Dana.    Colony  usnally  massive  with  sooids  distinot 
and  separated  by  deep  concave  spaces:  numerous  species. 


Slg.243 — ^tnmipla  ihwuMi  (from  DsTeuport). 


O.  annularis  (Lamarck)  (Fig.  244).  Colony  ^obose;  cnps  2  mm. 
in  diameter  with  12  septa  of  the  first  and  12  of  the  seCMid  order:  Florida 
and  the  West  Indies. 

3.  Ueakskiha  Lamarck.  Zooids  conflnent;  tentacles,  mesenteries, 
and  septa  arranged  in  rows;  the  mouths  of  the  polyps  distinct:  nomerons 
species. 

U.  meaadriteB  (L.)  (Fig.  245).  Colony  4  to  8  cm.  or  more  long 
and  half  as  broad  with  a  single  large  main  groove  and  large  septa; 
columella  present:  West  Indies  and  Florida. 


ANTEOZOA  Itf 

K.  ainnOM  Leeaeor  {Platygyra  viridxa  Les.)  (Fig.  246).  Brain- 
eoral.  Colony  mcrasting  and  m&saive,  25  cm.  in  diameter  or  more; 
surface  made 
npof  namerODS 
flinaoDa  ridgfl% 
which  are  the 
septa,  and 
groovee:  West 
Indies  and 
Florida. 

DmsioiT  3. 
rUHQAOEA. 

Solitary  or 
colonial  corals 
in  which  the 
septa  are  join- 
ed by  cross 
bars  or  eynap- 

ticnla:  5  f&mi- 

Flg.  E46 — Ucondrlna  »inuota  (Tanghfto). 

lies. 

Familt  1.    PLE8I0PUNGIIDAE. 

Coral  solitary  or  colonial,  with   additional   ridges    (dissepiments) 
on  the  inner  wall  of  the  cap  between  the  septa:  about  15  genera. 

SiDEBASTBBA* 

Blainville.  Colony  with 
distinct  zooids,  crowded 
and  more  or  less  polyg- 
onal,  and  forming 
ronnded,  nnbrancbed 
masses. 

8.  radians  (Pal- 
las). Cups  about  3  mm. 
by  2  mm.,  rounded,  with 
the  fourth  cycle  of  septa 
incomplete :  West  Indies. 

».     „.,    ™  ,.  .  S.    sideifla    (Ellis 

Tig.  Z4T — Sldvrottrea  tiderea  (Vaushau). 

and     Solander)      (Fig. 

247).    Cops  about  5  mm.  by  4.5  mm.,  aubhexagonal,  with  4  complete  cycles 

of  septa:  West  Indies. 

•  Bee  "The  Coral  Sideraitnea,"  by  J.  B.  DnerdeD,  Poh.  Cam.  Init.,  No,  20,  1M4. 
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Family  2.    FUNGIIDAE.    (Mushsoom  Coral,) 

Coral  solitaiy  or  colonial,  often  of  large  size,  flat  and  disc-like  in  shape 
with  numerous  septa;  the  living  disc  covers  the  septa  and  from  its  surface 
rise  veiy  numerous  tentacles;  the  embryo  gives  rise  to  a  conical  coral  called 
a  trophozooidy  the  upper  part  of  which  expands,  breaks  off,  and  becomes 
the  adult  coral,  a  process  which  may  repeat  itself  a  number  of  times: 
about  12  genera. 

FxnroiA  Dana.  Coral  solitary  and  of  large  size,  convex  on  the 
upper  and  concave  on  the  lower  side;  without  siphonoglyph :  numerous 
species,  1  American. 

F.  elegans  Verrill.  Coral  round  and  thick,  about  6  cm.  in  diameter: 
Gulf  of  California. 

SuBPHYLUM  3.    CTENOPHOBA.* 

Very  soft  and  delicate  jellyfishes  which  live  mostly  in  the  surface 
waters  of  the  sea.  The  body  is  usually  more  or  less  spherical,  pear-shaped 
or  cylindrical  in  shape,  and  is  both  radially  and  bilaterally  symmetrical. 
Its  outer  surface  is  without  hard  skeletal  structures  and  bears  eight 
longitudinal  bands  of  cilia,  which  are  the  characteristic  ''combs" 
(Fig.  240)  and  the  organs  of  locomotion.  Each  of  these  bands  is  com- 
posed of  a  series  of  transverse  plates  formed  by  the  fusion  of  long  cilia. 
The  animal  has  an  oral  and  an  aboral  end  which  are  opposite  each  other. 
At  the  former  is  the  mouth,  an  elongated  slit  which  leads  into  a  deep 
flattened  cavity  lined  with  ectoderm,  called  the  stomach.  It  is  into  this 
space  that  the  food  is  taken  and  digested.  At  the  aboral  end  of  the 
body  is  a  slight  cavity  which  is  connected  with  the  eight  bands  of  cilia 
by  four  ciliated  grooves,  and  in  which  are  calcareous  concretions  and 
sensory  cells.  The  sense  organ  thus  formed  is  called  the  statocyst  and 
is  an  organ  of  equilibration. 

Many  ctenophores  have  a  pair  of  long  retractile  tentacles  which 
project  from  a  pair  of  deep  pockets  in  opposite  sides  of  the  body  (Fig. 
249).  These  tentacles  have  short  branches  or  pinnae  and  their  ectoderm 
is  provided  with  numerous  peculiar  adhesive  cells  which  aid  in  cap- 
turing and  killing  the  prey ;  they  are  very  retractile,  and  can  be  wholly 
or  partially  withdrawn  into  the  pockets.  Other  tentacles  and  projec- 
tions are  also  present  in  certain  species.  ^ 

*  See  "Ctenophorae/*  by  L.  AgasslE,  ContribntlonB  to  the  Nataral  History  of 
the  United  States,  Vol.  3,  p.  156,  1860.  "Die  Ctenophoren  des  Oolfes  v.  Neapel," 
by  C.  Chun,  Fauna  u.  Flora  d.  Golfes  v.  Neapel,  Vol.  4, 1880.  "The  Ctenophores  of  the 
San  Diego  Region,**  by  H.  B.  Torrey,  Univ.  of  Cal.  Pub..  Vol.  2,  p.  45.  1904.  "Cteno- 
phores of  the  Atlantic  Coast  of  North  America.*'  by  A.  O.  Mayer,  1911. 
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It  Till  be  seen  that  a  longitudinal  plane  passed  throngh  the  body 
which  ineladea  the  mouth  aiid  atomach  divides  the  body  into  two  sym- 
metrical halves;  a  transverse  plane,  od  the  other  hand,  reveals  a  radial 
typ«  of  stmcture. 

The  gastrovaBColar  space  consiBta  of  a  complex  system  of  narrow 
tabes  (Fig.  248)  lined  with  entoderm  which  join  the  inner  end  of  the 
stomach,  and  communicate  with  the  outside  abo 
by  means  of  either  one  or  two  pores  at  the  aboral 
end  of  the  body.  Eight  of  these  tubes  which  lie 
immediately  beneath  the  eight  longitudinat  bands 
of  cilia  form  the  most  important  part  of  the  sys- 
tem. The  space  between  these  gastro vascular  tubes 
and  the  outer  ectoderm  ie  Slled  with  the  soft  jelly- 
like me^enchyne  which  differs  from  the  mesoglea 
of  the  other  ccelenterates  in  that  it  arises  aa  the 
reenlt  of  the  proliferation  of  definite  cells  during 
the  early  development  of  the  animal;  in  it  are 
nuclei  and  muscle  fibers. 

All  ctenophores  are  hermaphroditic,  the  gonads  of"^'t"o^ph^r^^" 
consisting  of  a  pair  of  bands,  one  male  and  the  'isfareri.'i,''«bor«flnd 
other  female,  which  lie  aide  by  side  against  the  jVuiliMl"''cSnkl»'i"'3i 
outer  wall  of  the  main  longitudinal  canals  of  the  m'outh"^6,'Btom«cri.  *' 
gastro vascular  space,  the  genital  products  reaching 

the  oater  sea  water  through  the  mouth.  The  young  animal  passes 
through  s  complex  metamorphosis  before  reaching  the  adult  condition; 
but  there  is  no  alternation  of  generations.  Certain  genera  may  exhibit 
ptedogenesis,  reproducing  in  the  larval  stage,  and  again  as  adults. 

Ctenophores  are  common  maiine  animals,  often  occurring  in  enor- 
mous schools.  They  are  noted  for  tlieir  delicacy  and  beauty,  the  rapidly 
vibrating  combs  refracting  the  light  and  showing  a  rapid  play  of 
changing  colors.  They  arc  also  often  highly  phosphorescent  at  night. 
Their  food  consists  of  cniBtaccans,  fishes,  and  other  Rmall  animab,  often 
including  their  own  kind.  The  subphylum  contains  two  classes  and  less 
than  100  species,  21  of  which  occur  o£F  the  Atlantic  coast. 

Key  to  the  classes  of  Ctenophora: 


Class  1.     TENTACULATA. 

A  pair  of  long  tentacles  present,  in  certain  cases  in  the  larval  stage 
only,  oral  lobes  being  then  present  in  the  adult:  3  orders. 
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K^  t«  the  orders  of  Tentaculata: 

a.  Body  more  or  ]es8  globooe  or  crlindrical. 

bi  Louk  tentacles   preseat 1.  CrulPPlDA 

(,  No  tentacleB  in  adalt  animal;  oral  lobes  present 2.  Lobata 

«!  Body  cwmpreaoed  and  ribbon-like S.  Cibtida 

Order  1.    OTDIPPIDA. 

Body  epherical  or  t^lindrical  or  compreesed  id  the  plane  transverse 
to  the  tentacular  a^ds;   tentacles  very  long,  on   opposite  sides  of   the 
body,  springing  each  from  a  deep  pocket:  several  families. 
Pamilt  PLEDBOBBACHIIDAE. 
Body  spherical  or  ovoid,  with  the  8  rihs  of  eqnal 
length:  4  genera. 

1.  Plxitbobbaohia  Fleming.  Body  but  very  little 
compressed;  comhs  rather  long  but  not  reaching  the  oral 
or  ahoral  areas:  about  8  species. 

F.  pilena  (Fabricins)  (P.  rhododactyla  Agassiz;  P. 
bachei  A.  Agassiz)  (Fig.  249).  Body  about  20  mm.  long 
and  IS  mm.  wide,  and  very  transparent;  tentacles  aboat 
16  cm.  long  and  white  or  rose-colored,  with  long  pinnae : 
from  the  south  side  of  Long  Island  to  Greenland;  breeds 
Tig.  240  in  Angost  and  September;  Europe;  Pacific  coast. 

PimirobraoMa  p.  bnumea  Mayer.    Body  12  mm.  long,  ovoid;  stom- 

(Hajer),  _        ach  of  an  opaque  yellowish-brown  color;  each  tentacle 
C,  comba;  with  a  knob-shaped  end:  coast  of  New  Jersey;  rare. 

eocea  as  In  2.  HSBTXVBIA  Lesson.     Body  much  compressed,  the 

tentacular  axis  being   the   wider;  the  4  subtentaeular 
combs  longer  than  the  4  snbventral  ones:  1  American  species. 

U.  ovnm  (Fabricins).  Body  about  5  cm.  long  and  ovoid  in  outline; 
tentacles,  combs,  and  sense  organ  light  pink  in  color:  Arctic  Ocean  to 
New  Jersor;  rare  south  of  Cape  Cod. 

Order  2.    LOBATA. 

Body  ovate,  compressed  in  the  plane  transverse  to  that  of  the  stom- 
ach; mouth  wide,  with  a  lai^  and  prominent  oral  lobe  on  each  side  of 
it;  at  the  base  of  each  lobe  is  a  pair  of  long  projections  called  auricles; 
tentacles  of  the  ordinary  kind  wanting  in  the  adult,  but  nomerons,  deli- 
cate, fllamentous  tentacles  may  fringe  the  mai^in  of  the  month  and 
the  auricles;  aboial  sense  oi^ns  sunk  in  a  pit;  a  larval  cydippiform 
stage  present,  which  has  a  pair  of  tentacles  issoit^  from  pockets  and 
in  certain  genera  may  have  sexual  reproduction:  several  families. 


auricle ;    2.   oral  lobe ; 
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FuoLT  1.    B0LIN0F8IDAE. 
Oral  lobes  of  medium  size;  auricles  short:  3  geaettL 
BoLlMoras  Agassiz   (fiotina  Mertens).     With  the  oharacteristica  of 

the  family;  combs  not  prolonged  onto  the  oral 

lobes:  6  genera. 

B.  infnadibnliim  (0.  F.  Miiller)  (fi.  alata 

Ag.)  (Fig.  250).    Body  up  to  15  cm.  long,  of 

a  transparent  bluish-white  color:  from  Yine- 

yard  Sound  to  Labrador,  often  very  common 

north  of  Cape  Cod. 

Faiclt  2,    UN^!MIIDAE. 
Lobes  large,  each  bounded  on  each  side 
hy  a  deep  lateral  furrow  which  extends  to  the 
aboral    end  of  the   body;   auricles   long  and 
slender:  4  genera. 

liimaOFBlt  Agaasiz.  Auricles  long  and 
large;  combs  prolonged  onto  the  lobes  almost  to 
their  oral  ends:  3  species. 

H.  Iddyi  A.  Agassiz  (Fig.  251).     Body  up  to  10  cm.  Irng  and  very 

transparent,  at  night  very  phosphorescent:  Long  Island  and  Vineyard 

Sounds  and  south  to  the  Carolinas,  often  in  large 

swarms;    often    parasitized    by    a    sea    anemone, 

Edwardaia  leidyt. 

H.  gardeai  Ag.  Length  4  cm.;  lobes  rather 
small  and  covered  with  warts ;  body  translucent  or 
bluish  in  color:  Chesapeake  Bay  to  Florida; 
abundant. 

Order  3.    0E8TIDA. 

Body  flattened  in  the  plane  of  the  tentacles 
and  BO  enormously  extended  in  the  plane  of  the 
stomach  that  it  has  the  shape  of  a  ribbon  which 
may  be  a  meter  or  more  long  by  8  cm.  hi^;  4  of 
the  combs  (the  subtentacular)  are  very  short,  the 
ScST  ':^rt5*'ioii'; 'a^      other  4  are  very  long;  tentacles  more  or  less  rudi- 
mentary, tentacle  sheaths  deep :  2  genera. 
OlBTira  LeeneoT.    With  the  characters  of  the  order:  2  species. 
O.  Tsneiis  Lee.    Yenus'  girdle.     Body  transjiarent,  shimmering  with 
violet,  blue,  or  green :  tropical  seas,  occasionally  brought  t«  our  shores  by 
the  Gulf  Stream,  fragments  of  the  animal  being  occasionally  seen  on  the 
New  England  eoast 
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Class  2.    NTTDA. 
Tentacles  absent:  1  family. 
PAjf iLT  BEBOIDAE, 
Body  conical  or  ovate  and  com  pressed,  with  a  mouth  and  stomach  bo 
Tery  wide  that  the  body  is  much  the  shape  of  a  compressed  thimble;  combs 
extend  the  length  of  the  body;  a  network 
of    canals    throughout    the    body    which 
ramify  off  from  thegastrovsacularcanab: 
2  genera  with  few  species;  they  are  cos- 
mopolitan,    often     occurring     in     lai^ 
Bwarma,  and  are  noted  for  their  voracity, 
sometimes  swallowing  other  ctenophores 
lai^r  than  themselves. 

BntOE  Browne  (Idj/ia  Fr^minviUe). 
Body  more  or  less  conical  or  ovoid :  abont 
14  species. 

B.  orata  Chamisso  and  Eysenhardt 
Body  often  tapering  from  the  mouth  to 
the  aboral  pole  and  much  compressed,  10 
cm.  long,  pink  in  color  towards  the  north, 
milky  white  towards  the  south:  Chesa- 
peake Bay  to  Florida;  cosmopolitan; 
abundant. 

B.  cncTunis  Fabrieins  (B.  roaeola 
ng.  2B2-B«-««««<«u.(M.yer).  Agassiz)  (Fig.  252).  Body  10  cm.  long, 
9  cm,  wide  and  6  cm.  thick  and  rose  color:  Vineyard  Sound  to  Labrador, 
often  very  plentiful  towards  the  north. 


PHYLUM  m. 
VERMES.     (The  Loweb  Wobms.*) 

Worms  of  primitive  stnieture  and  often  of  small  size,  asaally  without 
paired  locomotory  appendages  or  a  distinct  head,  and  with  non-metameric 
and  often  permanently  ciliated  bodies.  The  animals  are  usually  sluggish 
of  movement  and  in  veiy  many  cases  either  sessile  or  parasitic. 

The  Vermes  form  a  polymorphic  group  of  animals,  the  eight  subphyla 
of  which  do  not  necessarily  bear  a  close  genetic  relationship  to  one  another. 
They,  however,  have  many  structural  features  in  common  and  many  of 
the  classes  bear  a  definite  relation  to  the  trochophore  larva  which  justifies 
the  placing  of  them  in  a  common  group.  This  would  rank  immediately 
beneath  the  annelids  and  the  other  groups  in  which  the  trochophore 
represents  an  ancestral  form. 

The  class  Vermes,  as  formed  by  Linnsus,  included  all  invertebrate 
fiTiTinnlg  except  arthropods.  Lamarck  divided  the  invertebrates  into  several 
classes,  of  which  one  was  Vermes,  including  in  it  both  the  unsegmented 
and  segmented  worms.  This  arrangement,  although  it  has  been  followed 
by  Claus,  Hertwig,  and  other  modem  authors,  is  not  now  usually  adopted, 
and  the  Vermes,  when  used  as  the  name  of  a  phylum,  generally  include 
the  lower  worms  alone. 

The  phylum  contains  8  subphyla. 

Key  to  the  subphyla  of  Vermes: 

Ox  Animals  mostly  non-burrowing. 
hi  Animals  mostly  locomotory. 
Ci  Animals  mostly  not  minute  and  very  often  parasitic. 

di  Flattened  worms ;  very  many  parasitic 1.  Plathelmhtthss  ' 

d^  Round  and  thread-like  worms;  often  parasitic.  ...2.  Nemathelminthes  ' 
e.  Animals  minute  and  aquatic. 
d^  Crown  of  cilia  at  forward  end ;   animals  mostly  in  fresh  water. 

.  3.  Tbochelmimthes 

dt  No  external  cilia ;  animals  marine 7.  GHiSTOGNATHA  : 

h^  Animals  sessile. 

Ci  Animals  colonial V. .  .4.  Bbtozoa  - 

Ct  Animals  not  colonial. 

dj  Animals  with  a  two-valved  shell '. .  .5.  Bbachiopoda  " 

d.  Animals  form  tubes 6.  Phobonidba 

a.  Marine  worms  which  burrow  in  the  sand  and  mud 8.  Sifunculoidba 


*  Bee  '^Vermes/*  by  H.  Pagenstecher  and  M.  Braun,  Bronn's  Klassen  und 
Ordnmigen  des  Thierreichs,  Band  4.  1893.  "Textbook  of  the  Embryology  of  Inverte- 
bntes,  Part  I/*  by  B.  Korschelt  and  K.  Heider,  translated  by  B.  L.  Mark  and  W.  M. 
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SuBPHYLUM  1.    PLATHELMINTHES. 

Flatworms.  Flattened  or  in  some  cases  cylindrical  worms  of  soft 
teztme  which  are  found  in  the  water  or  in  moist  earth,  or  which  live  as 
parasites  in  animals  or  plants.  The  body  is  without  a  distinct  head  or 
paired  Appendages  and  is  not  metamerically  segmented.  A  body  cavity  is 
also  wanting  in  most  of  them,  the  spaces  between  the  internal  organs  being 
secondarily  filled  with  a  vesicular  connective  tissue,  called  parenchyma. 
The  outer  surface  of  the  body  is  either  la  ciliated  epithelium  or  a  thick 
unciliated  cuticula  and  no  hard  skeletal  structures  are  present  except 
chitinous  hooks  and  spines.  The  mouth  is  usually  in  the  ventral  surface 
in  the  Turbellaria  and  at  the  front  end  of  the  body  in  the  other  groups, 
and  an  anus  is  not  present,  except  in  the  Nemerteci.  A  mouth  and  tm 
alimentary  tract  are  wanting  in  the  tapeworms.  The  nervous  syst^n 
consists  of  paired  cerebral  ganglia  forming  a  brain  at  the  forward  end 
and  nerves  extending  to  various  parts  of  the  body.  Special  sense  organs, 
when  present,  consist  of  simple  eyes,  tentacles,  or  statocysts.  The  excretory 
system  consists  of  slender  tubes  extending  throughout  the  parenchyma, 
the  final  branches  of  which  end  in  fiame  cells.  It  opens  to  the  outside 
either  through  a  single  pore  or  through  several  paired  pores.  No  special 
respiratory  organs  are  present,  and  except  in  the  Nemertea,  no  circulatory 
organs  or  blood  fiuid.  The  reproductive  organs  )are  complex,  except 
among  the  Nemertea,  hermaphroditism  being  general.  Asexual  reproduc- 
tion by  budding  or  fission  is  common  in  certain  groups. 

J7i9tory.— Certain  of  the  parasitic  flatworms  have  been  known  from 
time  immemorial.  Linnsus  included  all  invertebrates  except  arthropods 
(his  Insecta)  in  the  class  Vermes,  one  of  the  orders  of  which  was  the 
Intestina,  or  worms  proper.  Cuvier  (1798)  first  called  attention  to  the 
fundamental  distinction  between  the  unsegmented  and  the  segmented 
worms,  to  the  former  of  which  Rudolphi  (1808)  gave  the  name  Entoeoa, 
most  of  the  unsegmented  worms  as  then  known  being  parasites.  It  was 
this  author  who,  following  however  2jeder  in  his  general  classifications, 
laid  the  foundation  of  pur  present  classification  of  paiiasitic  worms,  of 
which  he  formed  five  orders,  the  roundworms  or  Nematodes,  the  Acan- 
thoeephala,  the  Trematodes,  the  tapeworms  or  Cestodes,  and  the  bladder- 
worms  or  Cystici,  F.  S.  Leuckart  and  von  Baer  showed  that  these  groups 
did  not  necessarily  bear  a  genetic  relationship  to  one  another.  Vogt  in 
1851  first  joined  the  four  orders  of  flatworms  to  form  a  class  which  he 

Woodworth,  1895.  "Flatworms  and  Mesozoa,  Nemertliies,  Thread-Worms  and  8a- 
gitta,  Rotifers,"  etc.,  Cambridge  Natural  History,  Vol.  2,  1896.  "Lea  Ver- 
mldiens,**  by  Delage  et  H6ronard,  Traits  de  Zool.  Concrete,  Vol.  5,  1897.  "A 
Student's  Textbook  of  Zoology,**  Vol.  1,  by  Adam  Sedgwick,  1898.  "A  Treatise  on 
Zoology,  Part  4,**  edited  by  B.  Bay  Lankester,  1901. 
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called  Platelmia,  \diile  of  the  three  orders  of  roundworms  he  formed  the 
elass  Nematelmia,  an  arrangement  which  is  still  maintained. 

The  subphylum  contains  4  classes. 

Key  to  the  classes  of  Plathelminthes : 

Ox  Kg  anus;  no  blood  yesseU;  animals  mostly  hermaphroditic,  with  very 
complex  genital  orgaiiB. 
bx  AnimalB  with  rare  exceptions  free-living ;   body  ciliated  externally. 

1.  TUBBELLAJOA 

b,  Aniwmla  parasitic ;  not  ciliated  externally ;  mouth  when  present  at  for- 
ward end  (with  some  rare  exceptions). 
Oi  Intestine  and  month  present;   animak  small  and  unsegmented. 

2.  TBEUAT0DE8    ' 

Oa  Intestine  and  mouth  absent;   animals  usually  long  and  segmented. 

3.  Gestodbs  1 
Oa  Anus,   anterior  proboscis,  and  blood  vessels  present;   animals  mostly 

unisexual  and  free-living,  usually  long  and  bandlike 4.  Neioebtea. 

Class  1.    TUSBELLABIA  * 

Soft;  free-living  flatworms,  mostly  under  an  inch  in  leng^,  which  are 
found  either  in  the  water  creeping  slowly  over  stones  or  plants  or  living 
in  moist  places  on  the  land.  The  body  is  flat  in  shape  and  usually  elon- 
gate, but  in  some  cases  nearly  circular.  The  external  surface  is  ciliated 
and  from  it  is  exuded  the  slimy  secretion  of  numerous  glands,  in  which 
are  often  contained  minute  rod-like  bodies  called  rhabdites  which  are  pro- 
duced in  certain  glandular  cells  either  of  the  integument  or  of  the  paren- 
chyma. A  few  turbellarians  possess  functional  nettle  cells  which,  however, 
they  have  acquired  from  hydrozoans  they  have  eaten,  and  a  few  have 
adhesive  papillae  or  suckers. 

No  body  cavity  is  present,  the  spaces  between  the  organs  being  filled 
with  the  parenchyma.  The  mouth  (Fig.  263)  is  usually  near  the  middle  of 
the  ventral  surface  but  may  in  the  different  species  vaiy  in  position  from 
the  forward  to  the  hinder  end.  It  opens  into  a  muscular  phar3aix  which 
is  usually  of  large  size  and  one  of  the  most  prominent  organs  in  the  body : 
it  can  usually  be  thrust  out  of  the  mouth  so  as  to  form  a  proboscis  by 
means  of  which  the  animal  takes  and  often  digests  its  food.  An  intestine 
is  not  present  in  the  Acala :  in  the  other  turbellarians  it  is  either  a  tubular 
or  a  branched  structure.  An  anus  is  not  present,  fecal  matter  being  dis- 
charged through   the  mouth:   in  certain   cases,  however,   the   intestinal 

•  Bee  "Rep.  Invert  Vine.  Sd.,"  by  A.  B.  VerriU,  Rep.  U.  S.  Com.  Fish,  for  1871 
and  1872.  "Beob.  fiber  die  SflBswasser  Tarbel.  Nordam./'  by  W.  A.  Sllliman,  Zelt. 
f.  wlaa.  Zoo!.,  Vol.  41,  p.  48,  1886.  "Tnrbellaria,"  by  L.  von  Oraff,  Bronn*B  Kl.  u. 
Ord.,  Vol.  4,  Abt.  1,  Acoela  und  Rhabdocoellda,  1904-08.  "Tnrbellarla,"  by  same. 
"Die  SliBswasserfanna  Deutscblands,*'  1909.  "Verglelchung  der  Nordamerlkanlacben 
und  Enropftlscben  Turbellarienfauna,"  by  same,  Proc.  Sev.  Int.  Zool.  Cong.,  1910. 
"Aooda,  Rbabdocffila,  nnd  Alloeoccela  des  Ostens  der  Verelnlgten  Staaten,"  ftc,  by 
Zelt  f.  wi8g.  ZooL,  Vol.  99,  p.  321,  1911. 
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branches  open  to  the  ontside.  The  excretory  system  consists  of  a  median 
canal  or  one  to  four  pairs  of  longitudinal  canals  which  open  to  the 
outside  through  usually  paired  pores  and  numerous  small  canals  which 
penetrate  the  parenchyma  in  all  directions  and  end  in  flame  cells.  The 
nervous  system  consists  of  a  pair  of  ventral  nerve  cords,  the  anterior 
ends  of  which  are  enlarged  to  form  a  brain  and  which  are  joined  by 
numerous  transverse  commissures.  From  the  brain  nerves  go  to  the  eyes 
and  tentacles,  when  these  organs  are  present,  and  also  to  the  sensitive 
anterior  end  of  the  body. 

The  reproductive  organs  are  very  complex,  the  animals  being  with 
Hare  exceptions  hermaphroditic,  and  differ  somewhat  in  the  various  groups. 
The  genital  opening,  which  is  either  single  or  double,  is  in  the  ventral 
surface  back  of  the  mouth.  Most  species  lay  their  eggs  in  capsules 
which  are  attached  to  plants  or  stones.  A  few  reproduce  also  asexually, 
by  transverse  fission. 

Habits  and  Distribution.— 'M.ost  turbellarians  are  aquatic  animals, 
living  either  in  fresh  or  in  salt  water;  only  the  Terricola  are  terrestrial. 
The  largest  aquatic  form  (Leptoplana  gigas)  may  be  15  cm.  in  length, 
while  the  largest  land  turbellarians  (BipaUidae)  may  be  45  cm.  long;  the 
smallest  forms  are  of  microscopic  size.  They  are  with  few  exceptions 
carnivorous  animals,  living  on  small  animals  of  all  sorts:  a  few  are 
parasitic. 

History. --0,  F.  Miiller  in  1776  first  separated  the  turbellarians  and 
nemerteans  from  the  other  flatworms  and  placed  them  in  the  genus  Pla- 
naria.  Ehrenberg  in  1831  named  the  group  Turbellaria.  In  1851  Yogt 
placed  it  with  the  other  fiatworms  in  the  class  Platelmia.  The  present 
arrangement  of  the  group  is  due  principally  to  von  Graff  and  Lang. 
About  1,100  species  of  turbellarians  are  known,  grouped  in  2  subclasses. 

Key  to  the  subclasses  of  TurbeUaria: 

Hi  Minute  marine  forms  without  intestine 1.  Acoela. 

o.  Intestine  present 2.  Coelata 

Subclass  1.    ACCELA.* 

Small,  delicate  marine  turbellarians  which  fetre  found  free-swimming 
and  also  among  the  rocks  and  seaweed  along  the  shore.  They  are  often 
brightly  colored,  and  in  one  genus  at  least  (Convoluta)  the  pigment  is 
due  to  a  symbiotic  lalga.  No  intestine  is  present,  the  food,  which  consists 
of  minute  animals  and  plants,  being  introduced  directly  into  the  paren- 
chyma. The  mouth  is  often  near  the  front  end  of  the  body,  a  proboscis 
being  often  absent.  Eyes  are  usually  absent,  but  a  statocyst  lies  over  the 
brain.    The  reproductive  system  is  simple  in  structure,  in  many  species 

«  Bee  "TorbeUarla,  I.  Ac<BU^*'  by  U  von  Graff,  Das  Tierretch,  1900. 
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no  VBflB  deferentia  or  oviduots  being  present.     The  anbclase  eontaios  2 
fomilies  and  about  40  speciea,  of  which  6  have  been  fotmd  in  America. 
Key  to  the  families  of  Accela: 

0,  One  geaitBl  pore  preseDt 1.  PBOFOmujI 

a.  Two  genital  porea  present 2.  Oortolhtidab 

Family  1.    PROPOBIDAE. 
Bat  one  genital  pore  present;  position  of  mouth  varioos:  5  genera 
and  14  species. 

1,  GKiiDia  von  Oraff.  Uonth  in  ventral  surface  behind  the  middle; 
pharynx  absent  ;barsasemi- 

nalis  absent;  2  male  copn- 
latoiy  oi^ans,  each  witli  a 
ehitinooB  stilet :  1  species. 

0.  spinon  V.  Or.  (Fig. 
253).  Length  1.4  mm.; 
color  light  yellow:  Woods 
Hole. 

2.  AxArxMm  von  Or. 
Body  elongate ;  bursa  aem- 

inalis  and  pharynx  absent :  I 

1  species. 

A.  ganlineri  v.  Or. 
(Fig.  254).  Length  np  to 
6  mm. ;  width  1  mm. ;  color 
red,  bnt  yellow  at  the  two 
ends:   Woods  Hole,  with 

Polychanu  comAKw,  which  ^  ^53  ^  j„ 

it  resembles,  bnt  is  moch  „^  253-cwM(«  .pinw.  (ron  Gt^B).  1.  .ub- 
less  nnmerous  than  It;  g??iiGil!?iK;^7^dli^fvSb«#r'i:',GlS: 
movements   rapid.  <^"*  >  2.  mootfi ;  3,  ot«j  ;  4,  Kenltsl  pore. 

Fault  2.    CONVOLUTIDAE. 
Two  genital  pores  present,  the  female  pore  being  in  front  of  the 
male;  bnrsa  aeminalis  present;  motith  near  the  middle  of  the  body:  5 
genera  and  25  species. 

1.  ArHJUfOBTOKA  CErsted.  Body  cylindrical  or  flattened  beneath 
and  narrowed  behind;  mouth  near  the  middle;  statocyst  present;  eyes 
absent:  2  species. 

A.  divanicolor  CErst.  (Fig.  265).  Body  very  variable  in  shape, 
elliptical,  with  yellow  at  forward  end;  middle  usually  violet;  length 
1  mm.;  width  .25  mm.:  Newport,  R.  I.,  and  Woods  Hole,  among  algae  in 
shallow  water,  common;  Europe. 
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2.  FoLTOHOBrs  S£ark.    Body  broad  and  flat  vith  either  one  or  wv- 
eral  eandal  filaments:  1  species. 

P.  candatns  Mark  (Fig.  256). 
Body  with  parallel  sides  and  a  deep 
notch  in  the  hinder  margin,  from  which 
1  to  3  candal  filaments  arise;  color  red; 
length  4  mm. ;  width  1.5  mm. :  on  slones 
along  the  beach  from  Casco  Bay  to 
Long  Island  Sound;  often  abundant; 


Subclass  2.    CCELATA. 
'_  TnrbellarianB    with    intestine:    3 

orders. 

Key  to  the  orders  of  Ctelata : 
a,  Small  forma  with  a  atraight  Intee- 

tine 1.   Rbabdoc(elida  ' 

pig,  zoB  Fig.  258  Oi  UaDally  larger  forma  with  branched 

Fig.  29& — Aphanottoma  tUverilcolor  iatestiue. 

male   genital    pare.      Fig.    ZSH— Poly-  2.  TkiCLADIDA 

SSth"?  V^Sri^VVemal;  ^Xl         *•  ^"^'^^^^  -»•■  """^  '■"««  branches. 


Obdeb  1.  BHABDOO(ELIDA.  (Fia.  267.) 
Marine,  fresh-water,  and  land  tnrheltarians  of  small 
size  in  which  the  intestine  is  a  straight  and  nnbranched 
or  at  the  most  only  slightly  lobed  tube  or  sac;  yolk 
glands  present  or  not;  either  1  or  2  genital  pores  pres- 
ent: 23  families,  grouped  in  2  suborders  with  over  350 
species,  of  whidi  about  75  have  been  found  in  this 
country;  about  half  the  species  marine. 

Key  to  the  suborders  of  Rhabdoccelida : 

Hi  Intesdne  a  etralght  tabe 1.  RHAsnoccELA 

«,  Intutiiie  sac^haped  with  irregular  aides.  .2.  All(xoc<ela 

SCBORDEE  1.     RHABDOCfELA.*  grim  c?  i  rhab- 

Soaelld     (Dolvtl- 

Body  cylindrical,  fnajform,  filiform,  or  lamellate  in  'i*°*nf  X  t's'^'i' 
shape;  intestine  a  tube  or  sac,  usually  with  strai^t  Jf^".!  |'  '"^^ 
sides;  usually  2  eyes  and  occasionally  sense  pita  and  I'^^'^'iui'i'dom* 
statocysts  present;  either  a  single  median  or  a  ptur  of  ^i  ovacj. 
excretory  canals  present;  many  forms  reproduce  asexually,  by  terminal 
budding :  16  families  and  275  species,  48  American. 

•  Bee  "HonogTephte  d.  Tnibellarien,  I.  EtMbdocoltda,"  by  L.  too  Graff,  1882, 
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Key  to  the  families  of  Rhabdocala  here  described : 
a,  Forward  end  not  In  torva  of  •  proboacU,  or  where  a.  proboBcia  is  preaeat 
it  cannot  be  retracted  into  a  Bbeatb. 
hi  Ovarf  and  yolk  glands  not  distitict. 

Ci  Single  median  excretory  tmtik  present 1.  Gatenuudak 

C  A  pair  of  excretory  trunks  present 2.  Micsobtoiudak 

t,  Orar;  and  7ulk  Elands  distitict  from  each  other. 

c.  Pharynx  sac-ahaped  and  parallel  to  ventraJ  surface 3.  Daltzlliidax 

c^  Pharynx  rosette-shaped  and  perpendicalar  to  ventral  surface. 

4.  TYPHix>n.AniDAX 
Oi  Forward  end  in  form  of  a  proboacis  which  cao  be  retracted  into  a  sheath. 

b,  Ooe  genital  pore  present 5.  Poltctbtididab 

b.  Two  genital  pores  present 6.  Gtratkicidak 


Fakilt  1.    CATENTJLIDAE. 

Honth  in  Tentral  surface  near  forward  end;  no  preoral  branch  of 
intestine;  pharynx  simple;  excretory  pore  at  hinder  end,  with  a  single 
median  excretory  trunk;  testis  and  ovary  median  and  single,  the  former 
in  front  of  th«  latter;  p^ment  eyes  wanting;  reproduction  asexnal  as 
well  as  seznal,  chains  of  individuals  forming:  6  genera  and  about  25 
species,  14  American. 

1.  STXHOBTOmni*  Schmidt.    Body  colorless;  intestine  often  colored 
brown,  reaching  almost  to  the  hinder  end  of  the  body;  a  pair  of  ciliated 
sense  pits  in  front  of  brain  and  1  to  2  pairs  of  light-refracting  organs 
behind  it:  16  species,  5  American,  all  but 
one  in  fresh  water. 

8.  leocopt  (Dugte).  Chain  consisting 
of  8  or  less  individuals  np  to  4  mm.  long; 
li^t-refracting  organs  concave  and  2  in 
nnmber:  eastern  and  central  states;  Eu- 


rope; common.  n 

S.  grandfl  Child   (Pig.  258).     Chain 
consisting  of  4  to  6  individuals  2  to  2.6  j. 

mm.  long;    color  orange  yellow:    in  fresh  " 

and  brackish  water;  common.  (.Vll'^^'T'luuHST^S 

2.  BHT»OHOBOOLKt  Leldy.    Forward      ^^J^l^"""  "'*■  '"  •  ^-  "'*■ 
end    of  cylindrical   body    elongated    into 

proboscis-like  appendage  at  the  base  of  which  are  the  mouth  and  a  pair 
of  sense  pits :  2  species. 

K.  llniplez  Leidy.     Body  yellowish  white,  5  nun.  long :  Philadelphia, 
at  the  bottom  of  clear  brooks. 

•  br 
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Family  2.    MICBOBTOMIDAE. 
Month  in  ventral  saiface  near  forward  end;  pharynx  simple ;  a  pur 
of  exeretory  tubes  present;  sense  pits  and  usually  pigmented  eyes  pres- 
oit:  36  species,  6  American. 

1.  HlOSOBlOMinc  Schmidt.  Preoral  branch  to  intestine  present; 
forward  end  of  body  not  probosois-like;  hinder  end  tapering;  chains  of 
individuals  formed;  15  species,  in  both  fresh  and  salt  water. 

U  llnsai*  (0.  F.  Miiller).     Body  1.8  mm.  long;  chain  consisting  of 

18  individuals  7  mm.  long;  color  yellowish  or  pink;  2  red  eyes  present; 

nettle  cells  presoit  whidi  have  been  derived  from  ingested 

hydras;   binder  end   with    a   tail   on   which   are   adhesive 

papillae:  eastern  statea;  Eorope. 

H.  davenportl  von  Graff  (Fig.  258).  Chain  consisting 
of  4  individuals  L5  nun.  long;  hinder  end  with  numerous 
papillae;  body  colorless;  intestine  yellow;  eyes  abeent; 
Long  Island  and  Vineyard  Sounds;  on  nlva  and  fucus. 

TutiLT  3.    BALTELLUDAE. 
Large  sac-ahaped  pharynx  present;  month  near  for- 
ward end  of  body;  single  genital  pore  present;  ovary  dis- 
tinct from  yolk  glands,  which  are  either  1  or  2  in  number 
and  usually  unbranched ;  testes  paired ;  pigment  eyes  usually 
_^  present;  penis  usually  with  complex  chitinoufl 

'*S?*»rtr      P"^*   ^^^^  ^'l   species,  mostly  in   fresh 
(Ton  (Sin.       water;  17  American. 

Daltzliu  Fleming  (Vortex  Ehren- 
berg).  Body  rounded  in  front  and  tapering  to  a  point 
behind;  body  not  pigmented  but  often  colored  by  toochlo- 
reUae;  2  black  eyes  present,  near  which  and  the  forward 
end  is  the  mouth  j  genital  pore  in  posterior  third  of  body : 
46  species,  13  American,  all  in  fresh  water. 

D.  armigara  (Schmidt).  Length  1  mm.;  penis  with  2 
short  cbitinous  rods,  each  of  which  has  a  spinose  terminal 
branch:  central  and  eastern  states;  common;  Europe. 

D.  dodgd  von  Oraff  (Fig.  260).    Penis  with  cbitinous         Fir.  260 
parts  of  unequal  size  and  shape  forming  a  transverse  row  ta^H 

fastened  to  a  basal  piece;  length  1  mm.:  the  commonest         TmooU^' 
apeoiee;  eastern  states;  in  fresh  and  brackish  water.  ^^toaSna 

4,Beiiltalpora 
PUOLT  4.    TYPHLOPLASIDAE.  *"  ''*" 

Pharynx  roeette-iliaped,  springing  from  the  ventral  wall  of  the 
inteatine  and  perpendicular  to  the  ventral  body  surface;  ovary  distinet 
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from  yolk  glands;  testes  paired;  rhabdites  usually  prominent:  60  specieS| 
all  ezeept  one  in  fresh  water,  8  American. 

1.  Ttfhloflava  Ehrenberg.  Excretory  ducts  open  with  the  mouth 
into  a  common  space,  which  opens  to  the  outside;  without  genital 
atrium;  dermal  rhabdites  absent;  testes  very  small,  near  the  phaiynx; 
eyes  absent:  2  species. 

T.  Tiridata  (Abildgaard).  Body  1  nmi.  long,  tapering  at  both  ends, 
behind  to  a  blunt  point,  colorless,  but  usually  colored  green  by  soochlo- 
reUae;  phaiynx  near  middle  of  body  with  the  genital  pore  behind  it: 
eastern  states;  Europe. 

2.  Oabtbada  Schmidt.  Excretory  ducts  open  as  in  Typhloplana; 
with  genital  atrium;  eyes  usually  absent;  dermal  rhabdites  absent:  27 
species,  in  fresh  water,  1  American. 

0.  hofmanni  Braun.  Body  1.5  mm.  long,  cylindrical,  rounded  in 
front,  tapering  to  a  blunt  point  behind;  phaiynx  somewhat  in  ftont  of 
middle  of  body  and  just  in  front  of  genital  pore :  eastern  states;  Europe; 
abimdant. 

3.  Mbsobtoma  Elhrenberg.  Excretory  ducts  open  as  in  Typhlo- 
plana; rhabdites  very  prominent;  testes  dorsal  or  lateral  to  the  yolk 

glands;  genital  pore  in  hmder  third  of  body;  mouth  near 
the  middle;  2  eyes  present;  zoochlorellae  absent:  13 
species,  2  American. 

M.  ehxenbergi  (Focke)  (If.  wardU  Woodworth)  (Fig. 
261).  Body  flat,  up  to  15  mm.  long  and  4  mm.  wide,  but 
usually  much  less,  tapering  to  both  ends;  forward  end 
blunt,  hinder  end  pointed:  central  states;  Europe;  vivip- 
arous. 

Faiclt  5.    POLTCYSTIDIDAB. 

Two  ovaries,  yolk  glands,  and  testes  present;  forward 
Sic  261  ^^^  forms  muscular  retractile  proboscis;  rosette-shaped 

Jfetoftoina        pbaiynx  forward  of  the  middle  of  body;  but  1  genital 
(Woodw!^r{h)        po™:  16  species,  2  American. 

xiaiS^^  PEOVOBKTvcEira   von  Graff.    Male  genital   canal 

with  a  poisonous  spine :  2  species. 
P.  helgolandicus  (Metschnikoff).    Length  1.7  mm.:  Long  Island  and 
Vineyard  Sounds  to  the  Arctic  Ocean;  Europe;  common. 

Familt  6.    GYBATBIGIDAE. 

Ovaries,  yolk  glands,  and  a  single  testis  present ;  forward  end  forms 
a    retractile    proboscis;    mouth    with    a    rosette-shaped    pharynx    near 
of  body;  genital  pores  separate,  in  hinder  part  o£  body;  \  goons. 
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Otkatbix  Ehroaberg.    With  the  characters  of  the  family :  2  speoieB. 

O.  hemutphroditiu  Ehr.    Body  2  mm.  long  and  very  contractile, 

transparent:  in  fresh  and  salt  water;  eastern  states;  Europe;  very  common. 

SuBCffiDKB  2.    ALL(EOC(ELA.. 
Fresh-water  and  marine  tnrbellarians  in  which  the  intestine  is  an 
irr^nlar  sao  or  tnbe  often  with  lateral  diverticula;  1  or  2  genital  pores 
present;   testes  and  ovaries  consist  of  numerous 
foUicles:   7  families  with   about  75  species,  30 
American. 

FAun.T  PLAOIOSTOMIDAE. 
Intestine  sac-shaped  and  without  lateral  diver- 
ticula; pharynx  variable  and  in  forward  part 
of  the  body ;  genital  pore  single 
and  in  hinder  third  of  bod;; 
ovary  and  yolk  glands  distinct : 
30  species,  10  American. 

PLaeioSTOinni  Schmidt. 
Two  or  i  eyes  present ;  pharynx 
lai^,  sac-shaped:  10  American 
species;  marine. 

F.  Tilsoni  von  OraS  (Fig. 
202).  Length  1.5  mm.:  com- 
mon at  Woods  Hole. 

^a„  OaDEB2.    TRIOLADIDA.        _  Fiy.^268_-DU««m  of 

"•tJS^"-  (rio-  263.)  U^'^^J;  TZiat\ 

*Y,moStb'-  Marine,    fresh-water,   and     J-nxT^vI-'io^^  :'"^ 

8,*^5'tS*{SJe.  terrestrial  turbellarians  in  which  JS?';i»&.f  iiT  uKS 
the  intestine  is  composed  of  3 
main  trunks  with  many  branches,  one  trunk  extending  forwards  from  the 
pharynx,  and  the  other  two  backwards;  body  flattened,  with  sensitive  lobes, 
projections  or  tentacles  and  a  pair  of  eyes  at  or  near  the  forward  end, 
and  in  certain  species  a  ventrally  situated  sucker;  mouth  and  genital  pore 
in  or  behind  the  middle  of  the  body;  proboseis  well  developed:  about  430 
species  and  6  families  grouped  in  3  suborders. 

Key  to  the  suborders  of  Tricladida: 
«,  Aquatic  triclads. 

b.  Fresh-water  triclBde;  plaDariane 1.  PAixnaaOLk. 

b,  Uariae  triclads 2.  Mamiooila. 

0,  Terrestrial   triclads il.  Tkbkioola 
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SuBOBDSB  1.    PALUDICOLA.* 

Planarians.  Trielads  with  a  eentral  mouth,  a  single  genital  pore 
behind  it  and  an  elongate,  flattened  body,  which  are  foond  in  fresh  water 
under  stones  and  on  plants,  also  in  wet  places  under  leaves,  in  mud,  etc.; 
their  food  consists  of  crustaceans,  snails,  aquatic  insects,  etc.,  also  of 
dead  animals,  and  they  are  themselves  preyed  upon  by  fish,  insect  larvae, 
etc.;  they  possess  remarkable  regenerative  powers  and  certain  species 
(PUmaria  macukUa)  are  known  to  multiply  by  fission;  the  eggs  are  laid 
in  cocoons  which  are  attached  to  stones  and  plants :  1  family  and  about 
100  species,  in  fresh  and  often  brackish  water. 


Faiolt  PLANABIIBAE. 

With  the  characters  of  the  suborder:  about  6  genera. 
Key  to  the  genera  of  Planariidae  here  described : 

Oa  Bat  1  pharynx  present 

hx  Anterior  margin  roanded  or  angular 1.  Planabia 

\  Anterior  end  tnincated 2.  Dbndbocoelum 

Oa  Many  pharynges  present 3.  Phagocata 


1.  Plavabia  O.  F.  Miiller.  Body  elongate,  flattened, 
rounded  or  angular  forward,  usually  with  a  pair  of  lateral 
angular  projections  (auricles),  and  pointed  behind;  2  eyes, 
each  in  a  colorless  area;  usually  a  pair  of  lateral,  elon- 
gated, and  colorless  sense  spots  near  the  eye:  many 
species,  about  9  American. 

P.  macuUtat  Leidy  (Pig.  264).  Body  thin,  slightly 
convex,  elongate,  tapering  to  the  acute  tail,  20  mm.  long 
or  less;  head  end  trapezoidal,  wider  than  the  body,  with 
an  acute  median  and  2  lateral  projections;  mouth  in 
hinder  half;  dorsal  surface  spotted  irregularly  with  black; 
ventral  surface  whitish:  North  America;  the  commonest 
fresh-water  planarian. 


Fig.  264 

Planaria 

maculata 

(Woodworth) 

p,  pharynx. 


•  See  "Contributions  to  the  Morphology  of  the  Tarbellaria/'  etc.,  by  W.  M. 
Woodworth,  Bull.  Mus.  Comp.  Zool.,  VoL  31,  p.  1,  1897.  "Regeneration  in  Plana- 
rians,*' by  T.  H.  Morgan,  Arch.  f.  Bntwickelungsmech.,  Vol.  10,  p.  68.  "The  Move- 
ments  and  Reactions  of  Fresh  Water  Planarians,"  by  R.  Pearl,  Q.  J.  M.  S.,  Vol.  46,  p. 
609,  1903.  ^The  Reactions  of  Planarians  to  Ught,"  by  H.  E.  Walter,  Jour.  Bz. 
ZooL,  Vol  5,  p.  38,  1907.  "Die  SOsswasserfauna  DeutschlandB :  Tricladlda,"  by 
L.  B9hmlg,  1909. 

t  See  "The  Life  History  and  Normal  Fission  of  Planaria  maculata/'  by  W.  C. 
Cortls,  Proc  Bos.  Soc.  Nat  Hifit.,  Vol.  30,  p.  515.  1902. 
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P.  torva  M.  Scholtze  (Fig.  265).  Body  13  mm.  long  or  less;  head 

rounded  in  front  and  not  wider  than  the  body;  color  brown  or  blaek: 
eastern  and  central  states;  Europe. 

P.  gonocephala  Dug^  (Fig.  266).  Body  25  mm.  long  or  less;  head 


Fig.  266  Fig.  266  Fig.  267 

Fig.  265— PIonoHa  torva  (B5hmlg).    Fig.  266— PloiMirfa  gonooephala  (Woodworth). 

Fig.  267---?tonaria  luffubria  (Bdbmlg). 

as  in  P.  maculata;  body  with  parallel  edges  as  far  back  as  the  genital 
pore;  color  brown  or  greenish:  eastern  states;  Europe. 

P.  Ingnbris  Schmidt  (Fig.  267).  Body  20  mm.  long  or  less;  head 
somewhat  wider  than  body,  rounded  or  bluntly  triangular;  color  light 
brown  to  black;  ductus  ejaculatorius  receives  the  secretion  of  numerous 

glands  which  appear  on  its  inner  surface :  eastern 
and  central  states;  Europe. 

P.  simplissima  Curtis.  Body  8  mm.  long  or 
less,  black  in  color;  head  end  blunt,  without  lat- 
eral projections;  pigment  wanting  over  eyes; 
testes  few,  4  to  5  on  a  side:  eastern  states. 

P.  dortocephala  Woodworth  (Fig.  268).  Body 
elongate,  15  mm.  or  more  long,  with  acute  angular 
front  end  and  a  pair  of  acute  angular  auricles; 
color  brown:  Illinois;  common. 

P.  morgani  Stevens  and  Boring.  Body  10 
mm.  or  more  long,  with  a  rounded  or  truncated 
front  end,  colorless:  eastern  states. 

2.  DE]n>&oo<ELV]f  GSrsted.  Body  elongate 
and  flat  with  a  truncated  head  end  which  bears  a 
large  sucker  and  a  pointed  tail  end;  head  set  off 
by  a  slight  constriction  from  the  body  and  with  la 
pair  of  short,  rounded,  lateral  projections;  mouth  near  the  middle: 
several  species. 

D.  graiA  Wilhelmi  (formerly  called  D.  lacteum  0.  F.  Miiller)  (Fig. 
269).  Body  10  to  26  mm.  long  and  3  nmL  wide  or  less,  milk  white  in  color 
with  the  dark-colored  intestine  showing  through;  ventral  sucker  at  front 
end ;  2  eyes  and  frequently  1  to  6  accessory  eye  spots  present :  eastern  states. 


Fig.  268 


Fig.  269 


Fig.  268 

Planaria  dortocephala 

(Woodworth). 

Fig.  269 

Dendrooaslum  grafji 

(Woodworth). 
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3.  Fs&SOOATA  Leidy.    Body  elongate  uid  flftt,  with  a  rounded  head 
end  and  a  blnnt  tail  end;  many  pharynges  present  whieh  lie  in  a  eom- 
mtai   chamber  and  when  extruded  reach   the  exterior 
tbroogfa  a  aingie  orifice,  bnt  wbidi  open  eeparat«ly  into 
the  intestine :  1  species. 

P.  gradlii*  (Haldeman)  (Fig.  270).  Body  30  nun. 
long  and  4.5  mm.  wide  or  lees,  black  in  color;  1  large 
pharynx  present  at  the  junction  of  the  3  main  intestinal 
trunks  and  abont  22  additional  pharynges  which  are 
joined  to  the  2  lateral  trunks;  eastern  states,  often 
plentiful  in  brackish  water. 


PAofFDoaM 

(WoodwoTtb). 
1,  pbairngea 
2,lntr-"" 


.IntestUie. 


MARICOLA-i 
Marine  triclads.  Intestinal  branches  bnt  Uttle  rami- 
fied ;  month  in  hinder  half  of  body ;  uterus  behind  genital 
pore:  5  families  and  about  30  species,  which  live  on 
seaweed,  stones,  or  shells,  or  are  parasitic;  10  species  on 
east  coast  of  America. 

Familt  1.    PBOCEBOBIDAE. 

Body  flattened,  with  otocyst  bat  no  sense  pits;  front 

end  more  or  less  troneate,  often  with  a  pair  of  ten- 

tacle-Uke  projections;  2  eyea,  at  some  distance  from  front  end:  2  genera. 

Pbooxbodu  Girard  (Gunda  0.  Schmidt).     Body  elongate,  truncated 

in  &ont  with  projecting,  tentacle-like  comers:  16  species. 

P.  wbeaOandl  Girard  (Pig.  271).    Body  elongate,  5 

mm.  long  and  1  mm.  wide,  blackish  in  color;  tentaeles 

whitish:  coast  of  New  England,  often  common  under  Btone« 

and  among  algae  in  shallow  water;  Europe. 

P.  warrani  (Girard).  Front  end  more  or  less  trun- 
cate; body  elongate,  yellowish  or  brownish  in  color,  4  to  12 
mm.  long,  and  2  to  3  mm.  wide:  New  England  coast;  not 


FuOLT  2.    BDELLOUBIDAE.t 
Body  elongate  and  flattened  and  colorless;  2  eyea  present;  rhab- 
ditea  absent;  2  uteri  present  with  independent  openinge  to  tho  outside; 

•  8«a  "ContribnttoDB  to  tbe  Morpbolog?  of  the  TurbelUrla,"  by  W.  M.  Wood 
vortb,  BdIL  Uob.  Comp.  Zool.,  Vol.  21,  p.  1.  1861. 

t  Sm  "Uarlne  PUDirUna  of  the  flew  BnsUnd  Cout."  bj  A.  E.  Teriill,  Tnn*. 
Conn.  Acad.,  Tol.  8,  1893.  "TrleUdeiuattidlen  I.  TrlFladidK  maricoU,"  by  L.  Bflbmlg, 
ZdL  f.  wlM,  Zool..  ToL  81,  p.  B**,  1908.  "Od  tba  N.  A,  Usrine  TrlclailB,"  by 
I.  Wllbflml,  Biol.  Bnll.,  Vol.  15,  p.  1,  1908.  "TrlclBden,"  by  ume,  Die  FBona  n, 
Flim  d.  Gollei  V.  Neapel.  1909. 

t  8m  "SrnoBlldliim  pelladdDln,"  etc.,  by  W.  U.  Wbeeler,  Jour.  Morpb.,  Vol.  B,  p. 
ICT.  18»4. 
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PIK-ST2 

oandiia 
(VeriUl). 


e^  capsules  attached  by  a  slender  pedicle :  2  genera  and  4  species,  para- 
sitic or  commeDsal  on  tbe  gillfi  and  outer  surface  of  Ltmultw  polypkemw. 
1.  Bbellohka  Leidy.     Anterior  end  tapering;  posterior  end  wide, 
with  a  glandular  disc  for  attachment:  3  species. 

B.  Candida  (Oirard)  (Fig.  272).  Body  15  mm.  long, 
4  nun.  wide,  gray  in  color;  egg  capsule  2.6  to  4  mm.  long; 
testicular  sacs  60  to  100  in  number:  often  very  eommon. 
B.  propinvna  Wheeler.  Body  8  mm.  long;  testicular 
sacs  about  170  in  number;  egg  capsule  1.25  mm.  long;  not 
so  common  as  the  above. 

B.  wliHlftii  Wilhelmi.  Body  6  mm.  long,  1  mm.  wide, 
the  greatest  width  being  in  front  of  the  pharynx;  sucker 
not  set  off  from  body;  on  lAmuhts;  not  common. 

2.  STKOiZLlsnill  {?heeler.  Body  elongate,  taperii^ 
towards  both  ends,  which  are  blunt;  posterior  rami  of  intestine  imit«, 
forming  a  single  median  trunk:  1  species. 

8,  peUncidnm  Wheeler  (Fig.  273).     Body  3  mm.  long;  testicular  fol- 
licles lai^,  about  14  on  each  side  of  the  body;  egg  capsules 
.75  nun.  long. 

SnBOKDKR  3.    TEREICOLA.* 

Land  planarians.     Intestinal  branches  simply  lobed; 

position  of  mouth  variable;  uterus  small,  behind  the  genital 

pore;  body  oval  or  elongate,  and  usually  brightly  colored, 

and  with  a  creeping  sole  on  the  ventral  surface:  5  families 

and  about  400  species  which  occur  mostly  in 

tropical  countries,  living  in  damp  places. 

Fauilt  1.    BIPALIIDAE. 

Body  often  very  elongate,  usually  brightly  colored,  and 

with  longitudinal  or  transverse  stripes ;  head  end  broadened, 

forming  plate  with  numerous  marginal  eyes;  mouth  median 

or  post-median;  genital  pore  back  of  mouth:  4  genera  and 

about  90  species. 

FLAOoosPHAl-tra  von  Graff.     Body  often  enormously 

^^^*  elongate;  head  plate  thin,  much  broader  than  long,  and 

tncnuS  '*'''''  *  semicircular  margin:  15  species. 

(von  QMiT).  p.  knrnulB  (Mosley)    (Fig.  274).    Body  10  to  20  cm. 

(in  some  cases  45  cm.)  long,  narrow  and  with  parallel  sides, 

yellowish  in  color;  with  7  longitudinal  stripes;  sole  white:  greenhouses  in 

America  and  Europe;  native  country  unknown,  although  possibly  Samoa. 

"  bj  L.  TOD  Ontt, 


Fig.  273 
Synoaliaium 

<Wiieei«r). 
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Family  2.    BHYNCHODEMIDAE. 

Body  elongate,  with  more  or  less  parallel  sides;  head  not  distinct, 
with  2  spherieal  eyes  near  the  front  end;  mouth  near  the  middle:  7 
genera  and  abont  100  species. 

SKTVOEODsmra  Leidy.  Head  end  very  contractile  and  often  ex- 
tended like  a  proboscis;  body  more  or  less  cylindrical;  eyes  small:  35 
species. 

B.  vylvaticiu  Leidy.  Body  somewhat  fusiform,  thick,  convex  above 
and  flattened  below,  10  mm.  long,  3  mm.  thick  and  1  mm.  wide;  forward 
end  narrowed  and  very  extensile;  color  gray  with  two  longitudinal 
stripes  on  the  back  and  a  transverse  spot  near  the  middle:  eastern 
states,  in  woody  places. 

Obdeb  3.    POLTOLADIBA.* 

Marine  turbellarians,  often  of  large  size,  with  thin,  leaf -like  body; 
intestine  with  very  numerous  branches  which  ramify  to  all  parts  of  the 
body;  eyes  numerous;  otocysts,  tentacles  and  stiff  tactile  cilia  also  often 
present;  no  yolk  glands;  2  genital  pores;  mouth  central  or  posterior;  no 
asexual  reproduction:  225  species  grouped  in  2  suborders. 

Key  to  the  suborders  of  PolyclacUda: 

Oi  No  Buckera  present 1.  Acottuea 

0,  A  ventral  Backer  present 2.  Gottlba 

SuBORDEE  L    ACOTYLEA. 

Polyclads  without  a  sucker;  genital  pores  near  hinder  end  of  body: 
3  families. 

Key  to  the  suborders  of  Polycladida  : 

Ot  Two  dorsal  tentacles  present *. 1.  Planocebidae 

Oa  No  tentacles  present 2.  Leftoplanioab 

Familt  1.    PLANOCEBIDAE. 

Two  dorsal  tentacles,  usually  containing  ocelli;  mouth  central; 
eopulatory  apparatus  directed  backwards;  mai^inal  and  cerebral  eyes 
present  or  absent :  about  8  genera  and  45  species. 

1.  PXiAVOOEBA  Blainville.  Body  oval  or  elliptical  and  flattened; 
tentacles  slender,  situated  at  some  distance  from  front  end  of  body  with 
a  cluster  of  eyes  at  the  base  of  each;  cerebral  ocelli  inconspicuous; 
genital  pores  separate  but  near  together:  about  25  species. 

P.  nebnlosa  Girard.  Body  convex  and  rather  thick,  29  mm.  long  and 
10  nun.  wide,  and  usually  olive  green  in  color  with  a  median  dorsal 
stripe;  mouth  central:  Charleston  to  Cape  Cod,  under  stones. 

•See  "Die  Polycladlen  des  Oolfes  von  Neapel/*  etc.,  by  A.  Lang,  Fanna  a. 
Fkna  d.  Golfes  v.  Neapel,  xi  If onographle,  1884. 
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K  Wbeeler  (Tig.  275).  Body  oval,  6  mm.  long  tnd  4  mm. 
vide;  edges  remain  in  contact  with  the  sarfaee  over  which  the  uiim*I 
is  moving;  color  grayish:  Vineyard  Sonnd,  mantle  cavity  of  Fvigitr. 


Flf.  2TS  Fl 

■If.  3TE — nanaeara  tnqvWna  (WhMler).    1,  tentacle;   2,  lotei 
4,  male  Keoltal  pore ;  6,  lemale  genital  pore.    Pis.  2T6 — 
•IHpHoM  (VeriiU).    1,  tentacle;  2,  montb. 


S.  Sttloohiti  Ehrenherg.  Body  oval  or  elliptical  and  flat;  t«n- 
taeles  short;  pharynx  with  several  accessory  lobee;  genital  pores  near 
hinder  end  of  body :  10  species. 

8.  allipticiu  (Girard)   (Fig.  276).     Body  flat  and  thin  with  imdu- 
lating  margins,  20  mm.  long  and  6  mm.  wide,  yellowish-brown  in  color, 
irregnlarly  radially  veined;  tentacles  small,  white,  each  with  a  claster 
of  ocelli ;  8  to  12  frontal  and  cerebral  and  numerous  marginal  ocelli  pres- 
ent: New  England  coast,  the  commonest  of  the  larger 
marine  planarians,  especially  south  of  Cape  Cod. 

Pajuli  2.  LBPTOPLANIDAE. 
Body  broad,  flat,  thin,  without  tentacles;  mouth  cen- 
tral ;  pharynx  lobed ;  nsually  4  groups  of  ocelli,  2  cerebral 
and  2  dorsal;  marginal  ocelli  sometimes  present;  male 
oopulatory  apparatus  directed  hackwards:  4  genera  and 
abont  60  species. 

Iaftoflava  Ehrenberg.    Body  foliaceous  with  nnda- 
lating  edges;   no  marginal   ocelli;   genital   pores   rather 
n,  277  widely  separated,  the  male  pore  being  distant  from  the 

^^himt         end  of  the  body:  25  species. 

(Verriii).  l.  Variabilis  (Girard)    (Pig.  277).     Body  elliptical, 

18  mm.  long  and  8  mm.  wide,  yellowish -brown  in  color;  ocelli  conspicuous, 
the  cerebral  clusters  containing  about  30  each  and  the  dorsal  clostera  about 
16:  New  England  coast,  often  abundant. 
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L.  f  olinai  VerrilL  Body  very  changeable,  25  mm.  long  and  15  mm. 
wide,  yellowish  or  pink  in  color;  ocelli  very  ntuneroos,  small,  and  ineon- 
spienons:  New  England  coast. 

SusmKDEB  2.    GOTTLEA. 

Polyclads  with  a  sucker  in  the  ventral  surface  behmd  the  genital 
pores:  4  families  with  about  110  species. 

Family  FBOSTHIOSTOMIDAE. 

Body  elongate  and  without  tentacles ;  cerebral  ocelli  on  the  anterior 
margin  of  the  body;  mouth  immediately  behind  brain;  pharynx  long  and 
tubular:  1  genus. 

PnosTHioaTOinni  Quatrefages.  With  the  characters  of  the  family: 
8  species. 

P.  gradle  Girard.  Body  thin  and  translucent,  yellowish-white  in 
color,  4  mm.  long  and  1.25  mm.  wide;  ocelli  in  4  groups:  New  England 
coast;  not  conmion. 

Class  2.    T&E1IAT0DE8* 

The  flukes.  Soft,  flat  or  round  worms  which  live  as  parasites  on 
the  skin  or  gills  of  fishes  and  other  aquatic  animals  or  in  the  internal 
organs  of  vertebrates  and  also  of  many  invertebrates.  The  smallest  are 
of  microscopic  size,  the  largest  may  be  a  number  of  centimeters  in 
length.  The  outer  surface  of  the  adult  body  is  an  unciliated  cuticula  in 
which  suckers  and  chitinous  hooks  or  spines  are  present,  which  enable 
the  animal  to  fix  itself  to  its  host.  No  body  cavity  is  present,  the 
spaces  between  the  organs  being  filled  with  the  vesicular  parench3rma. 

The  mouth  is  at  the  forward  end  of  the  body  (except  in  Bucephalus), 
The  intestine  is,  with  a  few  exceptions,  bifurcate  and  is  without  anal  open- 
ing: the  food  consists  of  the  blood  and  other  juices  of  the  host.  The  excre- 
tory system  consists  of  two  main  portions,  the  excretory  vesicles  and  the 
excretoiy  tubules.  The  latter  ramify  throughout  the  parenchyma  and  end 
with  flame  cells.  The  former  consist  of  a  pair  of  lateral  canals  which 
receive  the  tubules  and  open  to  the  outside  through  a  pair  of  anterior  pores 
in  the  Monogenea  and  a  median  posterior  pore  in  the  Digenea.  The  nerv- 
ous system  consists  of  a  pair  of  ganglia  just  back  of  the  mouth  which 
are  joined  with  each  other  by  a  commissure  and  of  nerves  which  pass  to 

*  See  "Platbelmintbes,  I.  Trematodes/'  by  M.  Brann,  Bronn's  Klassen,  etc., 
Bd.  4,  p.  806,  1892.  "Die  thleriscben  Paraslten  des  Henscben/*  by  same,  1903. 
"lUoBtrated  Key  to  tbe  Trematode  Parasites  of  Man/'  by  C.  W.  Stiles,  Bull.  No. 
17,  Hyg.  Lab.,  Treas.  Dept,  1004.  "Index  Catalogue,*'  etc.,  'Trematoda,**  by  same. 
Boll.  No.  37,  same,  1908.  "Trematodee,"  by  M.  Ltlbe,  Die  Sttsswaaserfauiia  DeotschL, 
1910. 
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the  various  organs.  Several  pairs  of  large  longitudinal  nerves  pass  to 
the  hinder  part  of  the  body. 

With  a  few  exceptions  all  trematodes  are  hermaphroditic,  the  male 
and  female  pores  being  either  confluent,  in  which  case  a  genital  atrium 
is  often  present,  or  side  by  side  and  near  together  in  the  ventral  sur- 
face. The  arrangement  of  the  genital  oi^ans  is  complex  and  varies 
somewhat  in  the  three  orders  of  trematodes.  The  egg  is  composite  in 
structure,  consisting  of  an  ovum  and  several  yolk  cells. 

Habits  and  Distribution.—The  young  trematode  leads  a  free  life  for  a 
short  time  and  then  seeks  its  host.  The  most  primitive  trematodes  are 
external  parasites  and  the  entire  life  may  be  passed  on  a  single  host. 
The-  higher  forms,  on  the  other  hand,  are  internal  jparasites  and  live  in 
two  or  more  hosts,  the  adult  host  being  different  from  the  larval  host, 
and  the  passage  from  one  host  to  the  other  being  accompanied  by  a 
metamorphosis.  The  former  are  called  monogenetic  and  the  latter  dige- 
netic  trematodes.  Many  of  the  latter  are  dangerous  parasites  to  man 
and  his  domestic  animals. 

History.^ThiB  class  was  established  in  1808  by  Rudolph!,  who 
included  in  it  the  genera,  Monostoma  Zeder,  Amphistoma  Rudolphi, 
Distoma  Retzius,  and  Polystoma  SiCder.  It  was  not  until  1858  that  the 
distinction  between  the  ectoparasitic  and  the  entoparasitic  forms  found 
expression  in  the  classification,  when  P.  J.  van  Baieden  formed  the  groups 
Monogenea  to  include  the  former  and  the  Digenea  for  the  latter.  In  1892 
Monticelli  showed  the  need  of  subdividing  the  Digenea  and  established  the 
following  suborders :  the  Heterocotylea,  the  Aspidocotylea,  and  the  Malaco- 
cotylea,  the  first  of  which  coincides  with  the  Monogenea.  This  subdivision 
was  generally  adopted,  but  is  now  being  abandoned  in  favor  of  the  simpler 
one  of  van  Beneden.  The  explanation  of  the  complex  metamorphosis  of 
trematodes  was  first  given  by  Steenstrup  in  1842.  Thomas  and  Leuckart 
discovered  almost  simultaneously  in  1881  the  life  history  of  the  common 
liver  fluke  {Fasciola  hepatica),  and  the  latter  author  and  Looss  have 
played  the  principal  part  in  the  investigation  of  the  entire  group. 

About  2,500  species  of  trematodes  are  known,  which  may  be 
grouped  in  3  orders. 

Key  to  the  orders  of  Trematodes: 

Ot  Ectoparasitic  trematodes  (except  Polystoma)  ;  hooka  usually  present  in 

the  suckers  or  sucking  discs 1.  Monooknea. 

Os  Mostly  entoparasitic  trematodes;  no  hooks  in  the  suckers  or  sucking 
discs. 
hx  Either  a  large  ventral  sucking  disc  or  a  mldventral  row  of  suckers ;  no 

oral  sucker 2.  Asfidooottlba. 

\  Usually  either  1  or  2  median  sackers ;  oral  sucker  present  (except  in 

Bucephalus) 3.  Digenea 
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Obdbb  1.    HONOOENEA.* 

Honog«netic  trematodes  [Yig.  278).     UBually  external  parasites  on 
8sb  snd  other  aquatic  animals.    Uost  forms  live  on  bnt  a  single  host  and 
are  found  most  often  on   the  gills, 
being  that  part  of  a  flah's  body  where 
the  blood  is  nearest  the  surface  and 
vhere  a  parasite  is  also  protected;  / 

some,  however,  live  in  the  month  and  fi 

some    in    the    cloaca.      The    gen  as  R] 

Polyttoma  is  entoparasitic.    The  or-  l9 

gaDS  of  attachment  are  at  the  eztremi-  ¥ 

ties  of  the  body.    At  the  hinder  end 
is  a  large  disc  more  or  less  sharply 

set  off  with  either  suckers  or  hooks,  ^^  STS-Di.™™  of  a  mononneUc 
or  both  these  organs.     At  the  for-      i^^Ao?'Snik«;  VTl'Man;  "^Tagina^ 

wnrH  (>nd  in  nimnllv  K  nnir  nf  xiipIifTii        "•  exi^retotv  pore  ;    '%,  iDtesUne' ;    T.  pos- 

wara  ena  is  OBuauy  a  pair  oi  sucKera  ^^^^  socring  disc ;  8,  hook ;  9.  gen^ui 
with  the  mouth  between  them.  These  ^",igj^;  ■'"a'Se'ru?"*'  o^r^^i^' 
may,  however,  be  absent  or  their  place  SI^^^E^^^'u'^^SISSl'''*  "'  ^''" ' 
may  be  tak^i  by  a  single  oral  sucker, 

b;  paired  glands,  or  by  tentacle-like  stmctnree.  The  order  contains  4 
families  and  about  500  species. 

K^  to  the  families  of  Monogenea,: 
a,  Large  posterior  sucking  disc  without  suckers  or  margiiial  hooks. 

6,  A  pair  of  anterior  suckers  or  eucker-like  projectioDB  with  mouth  between. 

1.  Tbibtouidae 

h,  A  single  anterior  sucker,  or  none 2.  MonooonUDAK 

Oi  Disc-like  posterior  region  with  either  paired  auckerB  or  marginal  hooks. 

b,  Posterior  region  with  Backers 3.  Poltstouidak 

b.  Posterior  regloti  without  sueken 4.  GtsodaCttudax 

Family  1.  TBISTOUIDAE. 
Hoetly  broad,  flat  worms,  with  a  pair  of  anterior  suckers  or  sncker- 
like  membranes,  one  on  either  side  of  the  month,  and  a  lai^  posterior 
sucking  disc  in  which  hooks  are  often  located,  the  anterior  suckers 
being  without  hooks;  a  pair  of  eye  spots  often  present;  intestine  bifur- 
cate and  often  much  branched;  genital  pores  near  the  forward  end,  the 
male  and  female  openings  being  in  some  cases  separated  from  each 
other:  on  the  skin  or  gills  of  marine  fishes  or  in  the  month  or  cloaca; 
about  11  genera. 

•  "NotM  00  Trematode  Paraaltei  of  Ftihes,"  br  B.  T.lntoo,  Proc  V.  S.  Nat. 
Hiu.,  "Vol  30,  p.  eOT.  1898.  "Notes  on  Some  Biotle  Spedei  of  Bctoparaiitlc 
Tiematodes,"  by  B.  Goto.  Jour.  Scl.  Coll,,  Imp.  CdIt.,  Vol.  IS.  p.  S63.  18SB. 
"8ri>op*la  of  the  Trematodea,  Part  I.  The  Eeterocot;lea,"  by  H.  8.  Pratt,  Am. 
Nat.,  ToL  84,  p.  e4S,  1900.  "Fiih  Farailtes  of  tlM  Wooda  Hole  Begtou,"  t?  B. 
UntMt,  Bull.  nab.  Com.,  Vol.  19,  p.  400,  1901. 
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Key  to  the  genera  of  Triatomidae  here  described: 
a,  SuckiiiK  dirc  not  aet  off  from  body  and  with  7  radial  ridgea. .  .1.  TnsTOUA 
0,  Sucking  disc  set  off  from  bod;  and  without  radial  ridges, 
b.  Body  elongate ;    sacking  disc  terminal  with  many  minute  hooka. 

2.  NmsoHiA 

b.  Body  elliptical ;  auckiuf  disc  ventral  with  Uric  hooka 3.  Epibdella 

1.  Tbistoha.  Ca- 
vier.  Body  very  flat, 
circular,  or  oval,  with 
a  pair  of  anterior  sack* 
era  and  a  large  yentral 
Backing  disc  in  which 
are  7  radial  ridges  and 
small  hooks;  intestine 
with  side  branehas; 
genital  pores  near  the 
margin  of  the  body; 
many  testes  present: 
n  aboQt  10  species. 

T.  cocdnanm  Cav. 
(Fig.  279).  Body  about 
16  mm.  long  and  16 
mm.  wide  and  red  in 

'*"™~aS^'SS2i*2?i?FS.  2*781°°'°"'""  **>'°'=  on  the  gills  of 

the  Bwordflsb. 

%  ViTZBOHU  Ton  Baer.  Body  elongate,  with  sacking  diso  terminal 
and  without  radii;  2  large  snokers  at  forward  end;  numerous  testes:  1 
species,  in  salt  and  fresh  water. 

If.  atnrlonls  (Abildgaard)  (Fig.  2S0).  Body  red- 
dish, 16  nun.  long,  5  mm.  wide;  sucking  diso  globose:  on 
gills  of  the  sturgeon. 

S,  'EraozLLA  Blainville.  Body  elliptieal  and  flat; 
Backing  disc  ventral  without  ridges,  but  often  with 
papillae;  i  small  eyes;  2  testes:  several  species. 

S.  Inuupnal  Linton   (Fig.  281).     Length  12  mm.; 
width  S  mm.:  on  skin  of  Daayatis  centntra;  Woods  Hole. 
PUBLT  8.     MONOOOTTLIDAE. 

Flat  and  circular  or  elliptical  worms  without  paired  m&KMa 

anterior  suckers  and  with  a  single  posterior  sucking  plate,  (UonUnlu). 
which  is  sometimes  very  small:  on  the  skin,  ^lls,  or  in  the  u^^"e^.'^T8. 
cloaca  of  marine  fishes;  7  genera. 

Hovooomx  Taschenberg.  Sucking  disc  with  8  radial  ridges; 
1  to  3  testes :  on  the  skin  or  gills  of  skates. 
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X.  floridiiM  Pratt  (Fig.  282).    Body  1.3  mm.  long  and  .68  mm.  irid«; 
oral  Boeker  present;  intestinal  branches  joined  at  hinder  end  and  pn>- 
kmged  in  a  median  ececnm :  on  the  gills 
of  Uyliobatii  freminviUei. 

Paxilt  3.    POLYBTOMIDAE. 

Body  flat  and  broad,  vith  a  more 
or  less  distinct  disc  or  r^on  at  the 
hinder  end  bearing  snckeis,  nsnally 
paired,  the  number  of  which  may  vary 
from  2  to  120,  and  also  in  most  oases 
hooks;  anterior  snckeis  either  present 
or  not:  on  gills  of  fishes  and  in  the 
month,  nose,  and  urinary  bladder  of 
amphibians  and  reptiles;  about  21 
genera  and  3  subfamilies. 

Key  to  the  subfamilies  of  Poly- 
ttomidae: 
a.  Anterior  snckers  absent:  either  2  or  6  Ftf.  1tn—Epibd«tt«  ba*v>*< 

posterior  .uck™.l.  Poltstomtfiax  E«to«nci?£f  u'ing.  278. 

a.  Anterior  snckers  present  ^ 

b.  Posterior  BQcken  4  to  8 2.  OcrooomjHAX 

h.  Posterior  snckeis  ver;  nnmeroas 3.  MiOBOOonunAZ 


SuBr>MIi.T  1.    POLTSTOMINAE. 

Posterior  sucking  disc  distinctly  set  o£F  and  with 
2  or  6  la]^  suckers  arranged  in  pairs  and  also  2 
or  more  large  books;  paired  anterior  suckers  absent: 
about  5  genera. 

1.  FoLTlTOMA  Zeder.  Body  withont  anterior 
and  with  3  pairs  of  posterior  suckers;  vagina  paired 
with  an  opening  on  either  margin  of  the  antorior 
portion  of  the  body:  on  the  gills  of  trog  tadpoles 
as  larvae,  and  in  the  urinary  bladder  of  amphibians 
and  in  the  mouth,  nose,  and  urinary  bladder  of 
turtles  as  adults;  6  species,  3  in  America. 
McaoeoWeMritrnM  P.  oUonfon  R.  R.  Wright.    Disc  attached  at 

Reffreacea  its  anterior  end;  intestine  with  no  side  branches; 

as  In  Fls.  218. 

body  elliptical;  cirrus  with  16  spines,  alternately 
large  and  small;  length  2.5  mm.;  width  1  ma.:  in  urinary  bladder  of 
maA,  paioted,  aod  snapping  turtles. 
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P.  conuutnm  Leidy.    Body  lanceolate,  6  mm.  long,  with  3  pain  ot 
minute  hooks  between  the  anterior  pair  of  suckers,  and  1  large  and  2 
■mull  pairs  between  the  posterior  pair:  in  the 
nose  of  the  food  terrapin. 

P.  haualU  Goto  (F^.  283).   Bod;  orate;  1& 

mm.  long  and  1  mm.  wide;  disc  hexagonal  with 

3  pairs  of  small  hooks  between  the  anterior  pair 

I  and  1  pair  of  lai^  hooks  between  the  posterior 

pair  of  snckers;  intestine  without  side  branobes: 

'  in  the  urinary  bladder  of  Eino- 

tfernum  pennaylvanicuvt.  — 

2.    Sfhtxaotba     Wr^ht 
and  UacCatlum.     Body  elon- 

gate   with   a   small   posterior 

fik.  2S3 — PaivdoMa        disc  containing  2  large  suck- 

luu»alH  (Goto).  „  ,     " 

axitnneet  ers:  2  species. 

«ilnPtg.a78.  g    ^^^^  ^^    ^^   jj^^ 

(Fig.  284).  Body  tapering  at  both  ends,  4  nun.  long 
and  .6  mm.  wide;  disc  wider  than  body;  testes  nu- 
merous: on  skin  and  gills  of  Necturua  maculattu. 

StmrAiitLT  2.    OCTOCOTTLINAE. 

Posterior  region  with  8  (4)  laige  suckers;  paired 
anterior  suckers  present:  about  12  genera. 

Key  to  the  genera  of  OctocolyUnae  here  described:  ) 

a,  PoBterior  diac-like  resion  with  tnedi&n 

hookB. 1.  DlSOOCOTTLE  p^  2St 

0,  Median  hooks  not  present.  sphuranura  otlert 

2.  Dkitopsou         SSS5S.S' 
Reference* 
1.  DisooooiTia    Diesing.     Body         "i""«-378. 
elongate  with  small  hooks  in  the  poste- 
rior disc;    posterior  suckers   slightly    stalked  and   with 
strong    chitinous    support;    vagina    Y-shaped !    sevetal 
species. 

D.  salmonifl  Shaffer  (Fig.  286).     Body  lanceolate;  poa- 

Plf.  285         terior  suckers  slightly  raised  and  with  1  pair  of  hooka: 
Dlicoeoty{«       ^  ,  ■  „ 

tatmonit        5  nun.  long :  on  the  gills  of  the  rainbow  trout. 

Rereron^s  2.  DlOUDOPBO&A    Ooto.    Body    elongate;    posterior 

suckers  either  stalked  or  not  and  acting  as  pincers;  each 

sucker  with  a  chitinous  frame  work  in  form  of  a  Greek  cross:  on  the 

gills  of  the  Sparidae  and  other  marine  fishes. 


TBEMAT0DE3  177 

D.  aiBnls  (Linton).  Body  stteniiate,  apatulate;  anterior  portion 
•Uiptieal;  poet«rior  portion  cylindrical;  posterior  suckers  with  long 
stalks;  length  12  to  40  nun.:  in  the  mouth  of  the  flonnder. 

Sdbtamilt  3.    HICBOCOTTLINAE. 
Paiied  anterior  suckers  present;  posterior  disc-like  region  elongate 
and  bearing  numerous  small  sackers,  which  may  be  found  only  on  one 
aide,  making  the  animal  asymmetrical;  4  genera. 

KiOBOOOTTUt  van  Beneden  and  Hesse.     Pof*-""- 
r^on  bearing  10  to  120  pairs  of  minute  sessile  su 
on  gills  of  marine  flshea;  man;  species. 

M.  longlcaadft  Goto.  Sucker  disc  more  thai 
the  length  of  the  body ;  about  120  pairs  of  sncken 
«nt;  7  nun.  long;  2  mm.  wide:  on  the  gills  of  the 
fish;  Newport. 

M.  pogonlM  MacCallnm 
286).  Sncker  disc  about  a  tb: 
the  body;  length  12  mm.:  on  Po 
eromia,  often  very  nomeroos. 

Fahilt  4.    OTBODACTYUD 
Ifinnte  forms  occurrii^  o 
gills  of  fresh-water  and  marine 
body  minnte,  nsnally  without  sd 
era,  but  with  2  to  4  retractile  I 
tacles   at   the   forward   end 
and  a  disc  at  the  hinder  end 
armed  with  numerous  books: 
about  9  genera.    In  the  genus 
Gyndaclylvt  a  curious  pedo- 
genesis often  occurs.     A  young  individual  will  come 
to  sexual  maturity  before  it  is  bom  and  while  it  is 
still  in  the  matenial  uterus,  and  produce  young  in  its 
nteroB.    This  last  individnal  may  also  have  young  in 
its  uterus,  and  4  generations  may  thus  be  found,  one 
inside  of  another. 

Otkosaottlits    Kordmann.      Uinute,    elongated 

womiH  with  2  short  anterior  projections  and  a  posterior  disc  bearing 

about  16  marginal  hooks  and  2  large  central  ones;  no  eyes  present: 

4  species. 

a.  slBgans  Nordmano  (Fig.  2S7).    Length  1  mm.;  width  .2  mm.:  on 

the  gills  and  skin  of  the  carp  and  other  fresh-water  fishes. 


Fig.    2Re— V<cnKwlvI« 


Fix-  2 
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Obdeb  2.    ASPIDOOOTTLEA.     (Fio.  28S.) 

Uoaogenetic  and  digenetic  trematodea  which  attach  tbemaelTea  to 
their  hoet  by  means  either  of  &  median  row  of  Backers  or  a  yery  large 
ventral  auddng  disc  in  which  are  sacking  pita  or  de- 
pressions and  on  the  margin  of  which  are  often  sense 
organs;  books  and  anterior  suckers  not  present  and 
intestine  not  bifurcate:  in  the  intestine  of  fishes  and 
reptiles  and  in  mollusks  and  crustaceans ;  1  family  and 
a  small  number  of  species. 


FUC.388 
Dtasnm  ot  the 
Aapidoootiilea 


1  moQtb 
a,  tDtesUne 
8,  KCDltBl  pore 

S>  Tolk  Klindi 

0,  uterus 

7,  teidi 

8,  nntnl  lackeni 


Fakily  ASPIDOBOTHBIDAE. 

With  tbe  obaracters  of  the  order:  8  genera. 
K^  to  the  Ajnerican  genera  of  ABpidobothridae : 
a,  Bod7  crllndrical  witb  a  midventrKl  row  of  snckers. 

1.  Stickocotiu 
a.  Large  ventral  sacking  disc  CMitainlng  3  or  4  loDgitu- 
dioal  rows  of  depresaions. 
i.  Three  rowi  present 
Oi  Median  depreBsions  very  elongate  transversely,  the 

lateral  depressione  being  roond 2.  CoTiLOOASTxa 

C  All  the  depressions  transverselr  elongate. 3.  Cottlasfis 
bi  Four  rows  present 4.  Aspidoqastb 

vr  BOCKUia  aiBC 

1.  STtOBOOOTTiiB  Cnnningbam.  Body  cylindrical 
uid  elongate  with  a  midventral  row  of  20  to  30  suckers  extending  tbe 
length  of  the  body:  1  species. 

S.  nephropia*  Cunn.  (Fig.  286).    Length  of  adult  17  to  105  mm., 
with  20  to  27  suckers;  length  of  tbe  larva  3  to  7  mm., 
with  7  to  22  snckera:  adult  lives  in  the  liver  of  Raja 
and  the  larva  encysted  in  tbe  intestinal  walls  of  lob- 
sters and  lai^  crabs  on  tbe  Atlantic  coast;  Europe. 

2.  OomoOAflTSB  Monticelli.  Sucking  disc  long 
and  narrow  with  2  lateral  rows  of  round  depressions 
and  a  median  row  of  very  elongate  transverse  depres- 
sions; 2  testes;  marginal  sense  oi^ans:  2  species,  in 
the  intestine  of  marine  and  fresh-water  fishes. 

0.  ocddentalisf  Nickerson  (Fig.  290).     Sucking  disc  witb  132  to  144 
depressions;  length  10  mm.:  in  the  sheepshead  in  Minnesota. 


FIB.2S9 
BtlohooelwJ* 
nephropitj 
■  lam  trom  a 

lobster 

(Nickerson). 

Keferencei 

as  In  I>1g.  288. 


■  See  "Ueber  die  geacbJecbtiFeUe  Form  von  GUcbocotrle  nepbn^lB  CnnD.,"  hj 
r.  Odbner,  ZooL  Anc  ToL  21,  p.  BOO,  ISSS. 

t  "Cot7loK«8ter  Dcddentall*  n.  ap.  and  a  BevliloQ  of  tlie  Family  Aipldo- 
bothridse,"  bj  W.  S.  Nickerson,  ZooL  Jabrb.  Abt  C.  87s.,  Vol.  IS.  p.  607,  1902. 
"Synopsis  of  the  Trematodea,  Fart  II.  Xbe  Aipldoeotyle^"  etc,  by  H.  8.  PiBt^ 
An.  Nst,  ToL  86,  p.  887,  1602. 
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S.  OoTTiAiFtB  Leidy.    Sucking  disc  broadly  elliptical  with  3  raws 
of  transveisely  elongated  depressions;  marginal  sense  organs  and  2  eyes 
present:  in  the  mantle  cavity  of  mnssels  aod  tlie  intes- 
tine of  turtles;  2  species. 

0.  insignia*  Leidy  (Fig.  291).    Length  1£  mm.;  nnm- 
faer  of  depressions  aboat  29 :  on  the  kidney 
of  Anodonta;  common. 

4.  AspnwaABiiB  von  Baer.  Small 
worms  in  which  the  body  consists  of  a  cyl- 
indrical anterior  portion  and  a  very  large 
elliptical  ventral  disc  in  which  are  4  longi- 
tadinsl  rows  of  sucking  depressions,  nnm- 
berii^  64  to  120  and  with  marginal  sense 
oigans;  1  testis:  in  the  intestines  of  fishes 
and  in  fresb-water  pelecypods  and  marine 
gastropods;  several  species.  —  .-•^.  ~w. 

A.  Mochicola  V.  Br.  (Fig.  202).  Body  elongate;  nnmber  of  depres- 
sions about  64;  Length  3  mm.;  34  marginal  sense  organs:  mostly  in  the 
liver,  pericardium,  and  kidney  of  Unio  and  Anodonta;  Europe. 

Obdeb  3.    DIOENXA-t     (Fio.  293.) 
Entoparasitic,  digenetic  trematodee  living  in  two  or 
more  hoete,  to  which  they  attach  themselves  by  means  of 
either    one    or    two    median 
suckers.     One  of  these  is  al- 
ways  an  oral    sucker  and  at 
the  front  end  of  the  body,  ex- 
cept in  Bucephalus;  the  second 
sucker,  when  present,  is  either 

on  the  ventral  surface  or  at  the  binder  end  ^ 

of  the  body  and  is  caUed  the  acetabulum. 

A   few    blood-infesting   forms   are   without 

suckers.     In  the  Holostomidae  an  additional 

oi^an  of  attachment  in  form  of  a  large  disc 

or  projection  back  of  the  acetabulum  is  also 

present.     Hooks  are  never  present  in  con- 
nection with  the  suckers  but  in  some  cases 

with   the  genital  organs,  and  the  body  is 

often  covered  with  small  spines.    The  median 


A  aplduiriu  t«r 


u  Id  Ftg.  2S8. 


I    of    a 


Fig.    293— DUvrai 

dlgenetio     tremiHodt     

ham,  altered).     1,  oral  inck- 

er;      2,     brain;      3,     geultal 

pore ;    4,    IntestlDe ;     0,    cir- 

:eptaculum  scml- 

;'    fo.  Lbu- 

rcrBcmnal;   11.  volk  Klftnds; 
12,     teitlB ;      13,     excretorr 

•  See  "Od  the  Bablti  aad  StTDCtare  of  Cotrlaipla  InilgDiB,"  etc,  bj  H.  [^ 
OrtKun,  ZooL  Jabrt).  At>t.  t.  Anst.,  Tol.  21,  p.  201. 

t  See  "Sjnoptls  of  Uie  Tremitodes,  Put  II.  The  Aipldocot;lea  and  the  Hals- 
coeotrlea,"  etc,  b;  H.  8.  Pratt,  Am.  Nat,  Vol.  36,  p.  887, 1902. 
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cxcntoiy  poie  is  at  the  hinder  end  of  the  body  and  the  genital  pore  is 
in  the  ventral  surfaoe  or  on  the  margin  of  the  body.    Special  sense 
organs  are  with  rare  exceptions  absent.     The  life  history  is  known  of 
but  very  few  trematodes.     The  yonng  animal  passes  out  of  the  host  in 
the  egg,  on  leaving  which  it  is  nsnally  a  ciliated  larva  called  the 
miracidinm;  this  larva  seeks  an  intermediate 
host,  often  a  moUuak,  in  the  body  of  which  it 
passes  its  larval  life,  living  actively  or  encysted 
in    some    of    the    compact    tissues.      It    here 
passes  through  one  or  more  metamorphie  stages 
which  finally  result  in  the  production  of  young 
individuals,  called  cercariae,  each  of  which  has 
usually  a  locomotive  tail  (in  Bucephalus  two) 
(Fig.  294),  which  sometimes  seek  still  another 
intermediate  host,  and  are  destined  to  develop 
into  the  adult  worms.    If,  now,  the  host  harbor- 
ing these  larval  worms  be  devoured  by  the  Anal 
host,  the  young  worms  pass  into  the  intestine  or 
some  other  hollow  organ  of  the  latter  and  become 
mature.    Tailless  cercariae,  which  are  quite  numerous,  do  not  leave  the 
first  intermediate  host,  but  pass  directly  with  it  into  the  final  host. 
Digenetic    trematodes   are   common   parasites,   the  adult   worms  being 
found  in  almost  all  vertebrate  animals.     The  larval  worms  are  usually 
found  in  snails,  small  fish,  and  other  small  animals.    Some  of  them  are 
dangerous  parasites  to  man  and  bis  domestic  animals.    The  order  con- 
tains about  2,000  species,  grouped  in  2  suborders. 
Key  to  the  suborders  of  Digettea: 


SnBOBDEB  1.    GASTEROBTOHATA. 

Mouth  in  the  middle  of  the  ventral  surface;  intestine  sae-Iike  aad  not 
bifurcate:  1  family. 

Family  BUCEPHAUDAE. 

But  one  sucker  present  which  is  at  the  front  end  of  the  body;  month 
in  the  middle  of  the  ventral  surface;  intestine  sac-like  and  not  bifurcate; 
genital  pore  at  hinder  end:  in  intestine  of  fish,  in  both  fresh  and  salt 
water;  the  larval  forms  in  bivalve  mollusks;  2  genera. 

BvOEFKALiTB  von  Baer  {Gasterortomum  von  Siebold).    Tolk  glands 
in  two  distinct  groups  of  follicles ;  male  genital  pore  at  end  of  a  papilla : 
i  species. 
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B.  cndlMwnis  (Rndolpbi)   (F^.  295).    Lengtb  1.4  mm.;  width  .5 
HOD.;  in  Tylominu  marintia  and  other  marine  fiabes;  larva  (Fig.  2S4)  in 
gonads  and  other  organs  of  the  ojster,  often  eaufiing 
death. 

SUBOBDBB  2.    PRO&TOUATA. 
Month  at  the  anterior  end,  in  the  oral  sucker;  in- 
testine bifurcate  (with  a  few  exceptions) :  4  dirisions. 
K^  to  the  divisions  of  Prottomata: 

a,  Bnt  1  SDcker  present 1.  Monobtouata 

»,  Two  anoken  present 

&,  Acetabnlum  at  hinder  end 2.  Ahphistoiiata 

h,  Acetabnlum  in  ventral  surface.  fik-  390 

e,  Additional  organs  of  attachment  not  present.  BuceBitalut 

3.  DiBTOMATA  rcS^^Sth 

Ot  AdditSonal  sncklng  disc  or  projectloD  preaenL  ^"oth^"' '  f''  """'*''■ 


4.    HOLOSTOIUTA 


n  Fig.  Wi. 


Division  1.     HOHOSTOHAIA. 

Oral  sucker  alone  present;  arrangement  of  orgaoB  similar  to  that  of 
the  Distomata:  in  vertebratoB,  especially  birds  and  sea  turtles;  several 
families. 

Family  1.    CTOLOOCELIDAE. 

Large  trematodes  in  which  the  intestinal  trunks 
join  at  the  hinder  end;  genital  pore  in  anterior  half 
of  the  body;  ovary  in  front  of  testes:  in  the  air 
passages  of  birds;  6  genera. 

Otolooolitx  BrandeB.  Intestinal  trunks  with- 
out lateral  branches;  uterus  entirely  between  the 
trunks:  10  species. 

0.  mntabile  (Zeder).  Body  elongate,  attenuate 
forward  and  about  IS  mm.  long;  testes  small,  the 
binder  one  near  the  juncture  of  the  intestinal  tmnks; 
in  GaUinago  and  other  birds. 

Family  2.    PBONOCEPEALIDAE. 

Body    nsnally    elongate,   with    a   collar-like    rim 
around  the  head;  testes  and  ovary  in  hinder  end  of 
body,  the  testes  being  in  same  transverse  plane  with 
«5Sai»*^^aiSoa?iH«     ^6  intestinal  trunks  between  them:  in  turtles. 

R^ereoni  FBOirooEPKAi.iTS  Looss.    With  the  characters  of 

■einJlf.  298.  jj^g  family:  several  species. 

P.  rssicapitlB  (Leidy)  {Fig.  296).  Length  25  mm.;  width  3  mm.; 
testes  lobate:  intestine  of  Sphargia  coriacea. 
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DiviBiOM  2.     AUPEI8T01UTA. 

Body  often  more  or  less  corneal,  with  the  oral  ancker  at  thb  front 

end  and  the  aoetabnlum  at  the  hind  end  of  the  body;  intestine  bifor- 

eate,  the  phoiynx  often  having  &  pair  of  lateral  pockets;  testes  1  or 

2  in  number,  large,  and  situated  in  front  of  the  small  ovary;  yolk 

glands  usually  lai^;  genital  pore  in  the  forward 

part  of  body:  in  aU  classes  of  vertebrates,  nsoally 

in  the  digestive  tract;  3  families. 

Faiolt  PABAMPHI6T0MIDAE. 
With  the  characters  of  the  division:  8  genera. 
1.  FutAxrHifToifUii    Fishoder.     Oral    sucker 
mdimentary;  acetabulum  laige,  with  the  excretoiy 
pore  just  dorsal  to  it;  no  pharyngeal  pockets:  in 
the  stomach  and  intestine  of 
X^SiV-SSSJ"        vertebrates,  principaUy  mam- 
(fromBr.«n).  j^,g.  ^^^^  ^5  specles. 

p.  carrl  (Zeder)  {P.  comcum  Zed.)  (F^. 
297).  Body  conical,  10  mm.  long:  in  stomach  of 
sheep  and  cattle;  rare  in  this  country. 

2.  DtnosiaovB  Diesing.    Aeetabulnm  large, 
with  the  excretory  pore  in  its  center;  pharyngeal 
pockets  present:  in  rectum  of  amphibians;  sev-      ^^ 
eral  species.  I 

D.  tamporatiu*  Stafford  (Fig.  298).  Body 
conical;  about  3.6  mm.  long:  in  rectum  of  frogs; 
not  uncommon. 

DmaiON  3.    OISTOIUTA.! 
Body  flattened  or  cylindrical  and  often  cov- 
ered with  minute  spines,  with  the  oral  sucker 
at  the  front  end  and  the  acetabulum  in  the  ven-  •■'hiF^^s. 

tml  surface;  intestine,  with  a  few  exceptions, 

bifurcate,  the  2  trunks  being  either  short  or  long  and  branehed  or 
simple;  usually  a  pair  of  testes  (in  a  few  species  several  pairs) ;  a  single 
ovary,  which  is  smaller  than  either  testis,  and  often  a  large  receptaculum 

•  See  "The  lite  History  of  rHploaiecos  tempoc«tOi,"  etc,  b;  L.  R.  Cij,  ZooL 
Jfthrb.  Abt  t.  Anat,  Vol.  28,  p.  S93.  1909. 

t  See  "An  Inrentocy  of  the  Oenen  and  aabseneia  of  the  Trcmatode  Family 
Faedondse,"  bj  C.  W.  SUIei  >nd  A.  EawaH,  Arch,  de  Patu.,  Tal.  1,  p.  81,  1808. 
"Weltere  BeltrBse  inr  Kenntnlsi  der  Trematodea  Fauna  XgratoaM,"  etc.,  tj  A. 
Loou,  ZooL  Jahrh.  Abt.  t.  Sys.,  Bd,  12,  p.  6S1.  "NacbtrBgIl«be  BeDwrknnfen,"  ete^ 
by  A.  Loom,  ZooI.  Aqi.,  Bd.  23,  p.  601.  1900. 


TBEMATODEB  183 

Bftminia  present;  the  uterus  is  a  long  tube,  containing  eggs;  yolk  glands 
eitber  branched  or  compact:  parasitic  as  adults  in  the  intestine  and 
other  hollow  organs  of  vertebrates;  over  1,700  species,  the  family  rela- 
tionships of  which  are  as  yet  more  or  less  obscure. 
K^  to  the  genera  of  Diatamata  here  described: 

«!  Hermaphroditic  distomes. 
(i  Ovary  in  front  of  testes. 
Ci  Utenifl  does  not  extend  back  of  testes. 
di  Intestinal  tnmks  with  lateral  projections ;  ovary  and  testes  branched. 

1.  Fasoiola 
4  Intestinal  tranks  without  lateral  projections. 

ei  Genital  pore  back  of  acetabulam 2.  Pasagonimub 

«^  Genital  pore  not  back  of  acetabalnm. 
ft  Mouth  surrounded  by  spines. 

ffx  A  single  row  of  spines 3.  £3ghiivosioma 

ih  A.  double  row  of  spines 4.  Stephanoohasmits 

/a  No  Spines  around  the  mouth. 

^1  £iZcretory  vesicle  winds  between  the  testes 5.  Aicphimeeus 

fft  £iZcretory  vesicle  does  not  wind  thus 6.  AzTGiA 

e^  Uterus  extends  back  of  testes. 

di  Mouth  surrounded  by  6  long  papillae .7.  Bunodeba 

da  No  such  papillae. 
€i  Intestinal  trunks  reach  to  about  the  middle  of  the  body. 

ft  Yolk  glands  branched  and  in  middle  area  of  body 8.  BEinnai 

/a  Yolk  glands  compact  and  at  end  of  body 13.  Miobophaixus 

«^  Intestinal  trunks  reach  the  rear  end  of  body. 
ft  Genital  pore  near  front  end  of  body. 
gt  Genital  pore  near  pharynx ;  in  lungs  of  frogs  and  toads. 

9.  Pneuiconoecbs 

fft  Genital  pore  in  front  of  oral  sucker 10.  Obphalooonimus 

/a  Genital  pore  near  acetabulum ;  yolk  glands  compact  and  lobate. 

gi  Testes  2  in  number 11.  Gobgodbbina 

fft  Testes  9  in  number 12.  Goboodbba 

Vm  Ovary  behind  testes. 

Ci  Hinder  end  of  body  not  telescopic 14.  Halipboub 

e^  Hinder  end  telescopic 15.  Heioubus 

h^  Ovary  between  the  testes 16.  Cluvostoicum 

Oa  Unisexual  distomes. 17.  Sghistosoica 

1.  Fasoxoia  L.  Body  broad  and  leaf -like,  covered  yrith  minute 
spines  and  with  a  short  conical  anterior  end  at  the  base  of  which  is  the 
acetabulum;  intestine,  excretory  vesicles,  and  genital  glands  richly 
branched;  genital  pore  in  front  of  acetabulum:  in  liver  of  herbivores; 
about  4  species. 

F.  hepatica  L.  liverfluke.  Length  18  to  50  mm.;  width  4  to  13 
mm.;  conical  anterior  end  distinctly  set  off;  body  thin  and  flat:  in  the 
gall  passages  of  cattle,  sheep,  man,  and  other  animals,  causing 
liver  rot,  which  is  often  very  fatal  to  herds ;  intermediate  host  a  snail  of 
the  genus  Lymnsa;  cosmopolitan,  but  rare  in  America,  except  in  southern 
Texas,  in  Florida,  and  a  few  other  places. 
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T.  iu«nk*  (Bassi)  (Fig.  299).    Length  20  to  100  mm.;  width  11  to 
mm.i  bodjr  flesh-colored  and  thick,  with  anterior  end  not  distinctly 


PlK.  300 
_..     BefereiiceH  m  lo  PI«.  :.-.. 
D  Ward).     RelereDces  sala  Fix.  293. 
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set  off;  in  the  gall  passages  of  cattle;  common  in  the  southwestern 
states;  life  history  unknown. 

2.  pABAOoannrs  Brann.  Genital  pore 
just  behind  the  acetabnlnm;  body  thick, 
ovoid;  intestinal  trunks  long  and  nn- 
branched;  testes  lobate;  yolk  glands  veiy 
voluminous;  utems  very  short:  encapsuled 
in  the  lungs  of  mammab;  1  species. 

P.  westermani  (Kerbert)  (Fig.  300). 
Body  red  in  color,  8  to  20  mm.  long;  4  to 
8  mm.  wide:  in  lungs  of  eats,  dogs,  and 
in  eastern  Asia,  in  man. 

S.  EoHnrosTOitA,  Rudolphi.  Body 
elongate  and  spiny;  acetabnlnm  near  front 
end;  month  snrronnded  by  a  reniform 
ridge  in  which  is  a  row  of  spines,  inter- 
rupted midventrally :  many  species. 

E.  ecbinatnm  (Zeder).  Number  of 
spines  about  37;  body  18  mm.  long; 
1.5  mm.  wide:  in  intestine  of  ducks, 
chickens,  geese,  and  swans. 

4.  Stepkavookaucub    Loose.      Body 

elongate  and  spiny;  acetabulum  near  for- 

of  spines:  several  species,  in 
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SttplUEHoeliatiitua  catua, 
«ltb  eitcDded  cirrna  (Pratt). 
Pji.,  prepbirrDi ;   Pb,,^bar}|D 


ward  end;  mouth  surrounded  by  2 
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8.  cams  Linton  (Fig.  301).  Number  of  spines  36, 18  in  oaeh  row; 
bo^  6  mm.  long;  1  mm.  wide:  in  rectnm  of  the  gray  enapper. 

6.  AJuruiMSBira*  Barker.    Body  laaceolate;  acetabulum  in  forward 
half  with  the  genital  pore  in  front  of  it;  ovary  near  the  center  of  the 
body;  yolk  glands  divided  into  two  regions;  testes,  which 
may  be  lobate,  in  a  row  behind  it  with  the  excretoty 
vesicle  winding  between  them:  several  species,  in  land 
vertebrates. 

A.  pModofelineiu  (Ward)  (F«.  302).  Body  not 
apinose;  length  10  to  21  mm.;  width  1  to  2.5  mm.:  in  the 
liver  of  cats, 

6.  Azreu  Looes.  Body  elongate;  acetabulum  near 
the  middle,  ovary  far  back  of  it,  and  between  the  two 
is  the  nterua;  testes  baok  of  ovary:  in  fish. 

A.    loonl    Uarshall    and    Qilbert.      Length    6    mm.; 
breadth  .5  mm.;  body  not  spinose;  yolk  glands  back  of 
aeetabnlnm:  in  mouth  and  stomach  of  wide-mouthed  black 
bass,  pike,  and  dc^sh. 

7.  BVNODEBA   Raillet.     Body 
ovate;  mouth  surrounded  by  6  con- 
tractile projections;  acetabulum  near         fie. 302 
center  of  body,  with  genital  pore  in       ^"^^^ 
front  of  it;  testes  in  hinder  part  of  {warS'. 
body;  ntems  sac-like:  in  fresh-water     ■b^id'f^'"^8. 

^  flsh. 

B.  nodnloaa  (Zeder).  Length  1  to  3  mm.:  in 
the  intestine  of  the  pereh  and  other  fishes;  inter- 
mediate host  the  crayfish,  being  found  in  cysts  in 
various  organs. 

8.  BamRKf  Pratt.  Body  elongate  and  spinose; 
Tig.  Sta— Ranter  acetabulnm  near  the  middle  of  the  body  with  the 
*Be?ereneS"*'       genital  pore  between  it  and  the  oral  sucker;  ovary 

m1dPIk-z«3.  just   back   of  aeetabnlum;    testes   lohate   and  just 

baek  of  ovary :  in  reptiles. 
E.  BlUptlciU  Pratt  (Pig.  303).    Body  elliptical;  genital  pore  at  left 
edge  of  body;  4  mm.  long;  in  mouth  of  Heterodon  platyrhimu,  the  blowing 
viper,  and  other  snakes. 

9.  PaxntOXEOXBt  Loosb.    Body  elongate;  suckers  small,  acetabu- 

•  See  "Tbe  Trematode  Oenna  Oplitborchia,"  hy  F.  D.  Baiker,  Arch.  S.  Fanisit., 
Tiri.  14,  p.  S13.  1911. 

t  Bee  "De«crlptioiis  o(  Foar  Dtstomes,"  br  H.  8.  Prttt,  Hark  Aqd.  Vol.,  p.  26, 
1M3. 

1  Bee  "On  tbe  Amerlcaii  BepreieaUtlTes  o(  Dlstommn  varlegatam,"  by  J. 
Stafford,  ZdoI.  Jahrb.  Abt  f.  Bfa.,  Bd.  16,  p.  BBS,  190S. 
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Inm  often  mmnts;  ovaty  and  t«Bt«fl  back  of  aoatabnlTim;  large  reeep- 
taculnm  §emiius  pmant;  nterua  nsnally  in  loagitadinal  folds:  in  Inogs 
of  amphibians;  8  species. 

P.  dmlliplaxiu  (StafEord)  (Fig.  304).  Length  S  mm.;  width  2  mm.; 
body  spinose;  testes  small;  uterus  very  volominooB  and  dail-eolored: 
in  the  longs  of  frogs  and  toads. 

10.  OxiXAXOSOmnn  Poirier.  Body  broad, , 
spinose ;  acetabulum  near  center  of  body ;  yolk 
glands;  genital  pore  in  front  of  oral  Backer; 
excretory  vesicle  extensively  branched;  ovary  jost 
back  of  acetabulum  and  testes  back  of  it:  in 
turtles. 

0.  TWicandiii  Nickerson.  Body  elliptical,  2  nun. 
long:  in  intestine  of  sofi-sbell  tnrtles  in  Minnesota. 

11.  GoBOOOEUVA  Loose.  Body  elongate  and 
without  spines;  acetabulum  large  and  in  forward 
half  of  boc^ ;  back  of  it  are  the  yolk  ^ands,  whieh 
are  a  pair  of  compact  bodies;  the  ovary  is  back  of 
these;  testes  2  in  number;  aterus  fllls  the  binder 
balf  of  the  body:  4  speeies,  in  urinary  bladder  of 
frogs  and  toads. 

O.   translndda    (Stafford)    (Fig.   305).    Body 
widest  in  the  middle  and  tapering  to 
(suf^rd).  both  ends;  9.5  mm.  long  and  1.2  mm. 

'F^!iSs*  wide:   in   the  toad   and   the   spring 

frog. 

12.  OOBOODBBA  LooBB.  Like  Oorgodenna,  but  with 
9  testes  in  2  rows  in  the  hinder  balf  of  the  body:  2 
species. 

O,  ampUcava  Looss.  Body  widest  in  middle;  acetsbn- 
lom  very  lai^;  length  3.75  mm.,  and  .75  mm.  wide:  in 
the  urinary  bladder  of  the  bullfrc^. 

13.  KiOBOFBALLin  Ward.  Body  broad  with  blunt 
ends;  intestinal  cceca  very  short  and  not  reaching  acetabu- 
lum; yolk  0ands  lobate,  in  hinder  part  of  body;  genital 

pore  at  left  of  acetabulum:  in  firesb-water  fleb.  Fit. SOB 

M.  opaeos  (Ward)  (F^.  306).  Length  1.7  mm.;  ''^^S^S^ 
width  1  mm.;  ceeopbagus  very  long:  in  intestine  of  Amia  settnnam 
calva;  intermediate  host  Cambarue  propinqutts.  ' 

U.  EauPEeuB  Looss.  Body  elongate;  acetabnlnm  in  middla  of 
body;  yolk  glands  2  compact  lobate  bodies  near  hinder  end;  ovary  in 
fiwit  of  them  and  testes  in  front  of  ovary :  in  ampbibiana. 
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H.  ocddulis  Stafford.    Bod;  6  mm.  long;  1.6  mm.  wide;  tvatea  in 
oblique  plane  near  aeetabnlnm:  in  the  month  of  frogs. 

16.  HsmuBOB  Budolpbi.    Small,  cjlindrioal  womu,  the  binder  end 
of  wboee  bodies  forme  an  appendix  which  can 
be   invagiuated;   entionla   tranaverselj    Btriped; 
yolk  glande  compact,  behind  ovary,  whieh  is  jaat 
behind  the  teetes:  in  fish. 

H.  appeBdicnlatu  (Rnd.).  Appendix  from 
a  third  to  twice  the  length  of  the  body;  aeetabn- 
lom  mach  lai^;er  than  oral  sncker;  yolk  glands 
qtherieal;  6  mm.  long:  in  digestive  tnbe  of  her- 
ring and  other  marine  fish;  intermediate  host  ' 
nsnally  oopepods.  I 

16.  OuxosTOMUit  Leid;.    Elongated  worms 
with  month  snrronnded  by  a  circular  ridge;  ovary 

between  the  testes  in  middle  of  body;  intestine     *^- o^^jf^Jf "" 
without  pharynx  and  with  side  projections:  in  u^'lis!^. 

month  of  birds;  aboat  10  species. 

0.  marginatam  (Rudolphi)   (F^.  307).    Body  6  to  10  mm.  long; 
1  to  2  mm.  wide;  yolk  glands  voinminons;  in  Jirdea  and  other  birds; 
intermediate    host,    the  i 

snnflsh  and  other  fishes.  '  -^ 

17.    SOBISIOSOKA         ^ 

Weinland.     Sexes   sepa- 
rate;    acetabnlnm    near 
front  end;  male  is  larger  than 
female  and  has  a  deep  groov< 
its  ventral  side  in  which  the 
form  female  lies:  several  spei 

S  in  blood  of  nmmmftla  in   trop 

l,  countries. 

S.    lusnurtobtom     (Bilha 

(Pig.    308).     Body    oylindrii 

length  of  male  14  mm.;  Icngtf: 

female  20  mm.:  in  the  blood  u^ 

man,  chiefiy  in  Africa,  oceaeionally       Bti^toioma 

Fia-SOT  in  this  country.                                      (Looh). 

CUmftowHtm  1,  onl  aucker; 

■Hir^iMtiiai  2,      acetabulum ; 

(Oiborn).  _         _  8,    male   tadlvlfl- 

Beferencea  DmsiOM  4.     H0L08T01U.TA.      nal;     1,     female 

■•  m  n*.  293.  iDdlvldual. 

Digenetie  trematodes  with  an  oral  sucker  and  an  acetabulum,  and 
in  addition  a  lai;ge  variously  constructed  adhesive  ventral  disc  or  pro- 
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jeetion  situated  just  book  of  the  acetabolum;  body  in  most  casea  made 
Qp  of  2  distinct  regionB,  a  wider  anterior  portion  eontaining  the  2 
Backers  and  the  disc,  the  lateral  e^ea  of  which  are  often  rolled  in 
ventially  and  medially,  and  a  posterior  portion  eontaining  the  genital 
organs;  the  genital  openings  being  at  the  hinder  end  in  a  deep  depres- 
sion called  the  bursa  copulatriz ;  the  arrangement  of  the  internal  organs 
is  similar  to  that  of  the  Diatamata:  in  the  intestine  of  vertebrates,  princi- 
pally mammals  and  birds;  about  6  goiera  and  60  species. 
Key  to  the  g^era  of  Holoatoinata  here  described: 

0)  Lateral  edges  of  anterior  portion  not  rolled  in  mediall; 1.  DiFLOSToifmi 

Oi  EdgeB  at  anterior  portion  rolled  in. 

i.  Anterior  portion  trough-shaped 2.  HEinsTOUUU 

&,  Edges  of  anterior  portion  luaed  midventrally 8.  Stbioul 

1.  DiPLOITOinTX  Nordmann.  Body  composed  of  2  distinct  portions ; 
a  large  sacking  disc  back  of  the  acetabulum:  in  the  intestine  of  the 
Crocodilia  and  of  birds ;  intennediate  hosts,  fish ;  aboat  15  speeies. 

D.  grande  Dieeing.    Oral   sacker  and  acetabalam  small;  sacking 

disc  at  the  bottom  of  a  deep  cavity,  the  opening  of  whieh  is  on  a  conical 

projection  jnst  back  of  the  aoetabalam; 

'  length  4  mm.:  in  the  intestine  of  the 

snowy  owL 

2.  HxxiBlOinni  Diesing.  Anterior 
portion  of  body  flattened,  the  lateral 
edges  being  prolonged  medially,  forming 
a.  troogh;  behind  the  acetabulnm  and 
sometimes  projecting  over  it  is  an  elon- 
gated adhesive  elevation :  in  the  liver  of 
birds  and  mammals;  about  15  species. 

«g.309  Fig.  310  =•     '^**™     (^""'■J      <^'«-     3«»>- 

Ffg.  ao9— HB«*.iomH«  aJatum      Length  6  mm.;  acatabulum  smaller  than 

^?h"^'e^ereSt«   »^?n   FlV"  aSs'        *''*'    '*'^   *a<^«C,   «t   each   sidc   of  whioh 

AS,\^^X~tl^iZS'^?MoS^''-i\     "  a  crescent-Shaped  opening  of  glands: 

Th'.t^'»nte*HSr''ena""'  '^'^^     *"  ****  stomach  and  intestine  of  the  fox 

and  dog. 

3.  SisioEa  Abildgaard  {Bolostomun  Rndidphi).  Lateral  edges  of 
the  forward  portion  of  the  body  prolonged  medially  and  joined  mid- 
ventrally, making  this  part  of  tiie  body  cap-shaped;  behind  the  acetabu- 
lnm is  a  conical  adhesive  elevation  in  a  deep  cavity:  in  the  intestine  of 
birds,  rarely  in  fish  and  amphibians;  about  30  species. 

S.  wlegata  (Dujardin)  (Fig.  310).  Conical  elevation  usually  pro- 
jecting from  the  cup;  length  6  mm.;  testes  branched;  genital  bursa  at 
hinder  end:  in  gulls,  grebes,  and  loons. 
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Class  3.    CESTODES.*  (Tapewobms.) 

Softy  flat  parasitic  worms  in  which  the  body  is  made  ap  of  two 
distinet  parts,  a  head  or  scolez  and  a  strobila.  The  scolez  contains 
either  simple  or  complex  suckers  and  often  hooks,  the  organs  of  attach- 
ment: the  strobila  is  composed  of  a  series  of  similar  s^ments  or  proglot- 
tidSy  each  of  which  contains  a  complete  set  of  male  and  female  genital 
organs.  In  the  simplest  cestodes,  however,  no  s^^entation  of  the  body 
OGcnrs  and  but  one  set  of  genital  organs  is  present  (Fig.  312).  The 
cestodes  are  digenetic  entoparasites  which,  with  a  few  exceptions,  live  in 
two  different  hosts;  as  idults  they  live  in  the  intestine  of  a  vertebrate  as 
final  host,  and  as  larvae  in  the  muscles  or  some  other  compact  tissues  of 
an  intermediate  host.  The  latter  is  some  animal  which  is  preyed  upon  or 
oeeasionally  eaten  by  the  final  host. 

The  scolex  is  without  a  mouth  or  organs  of  special  sense.  The  suckers 
axe  mostly  2  or  4  in  number;  their  place  is  sometimes  taken  by  variously 
formed  sucker-like  projections  called  bothria  (Fig.  319).  Accessoiy 
auekers  (Fig.  318)  are  also  sometimes  present,  and  in  a  few  forms  the 
entire  scolex  is  absent  or  rudimentary  and  the  anterior  proglottids  are 
modified  to  form  a  so-called  pseudoscolex,  by  means  of  which  the  animal 
attaches  itself.  Hooks  are  often  present  on  the  scolex  to  assist  the  para- 
site in  maintaining  its  position.  In  the  Taniidae  they  are  situated  on  a 
central  elevation  called  the  rostellum,  and  in  the  Bhtfnchobothriidae  on 
four  long  retractile  projections  called  proboscides. 

Bdiind  the  scolex  is  usually  a  narrow  unsegmented  region  called  the 
neck,  after  which  come  the  proglottids  or  segments,  which  are  derived  by 
a  process  of  terminal  budding  from  the  scolex  and  may  number  from 
three  to  several  thousand  in  number,  in  the  different  species.  The  seg- 
ments nearest  the  scolex  are  the  youngest  and  smallest,  those  at  the  oppo- 
site end  of  the  strobila  are  the  oldest  and  the  largest  In  Crossobothrium, 
however,  and  probably  also  in  other  cestodes,  a  different  and  much  more 
complex  method  of  growth  has  been  observed,!  new  segments  budding 
towards  the  scolex  as  well  as  away  from  it.    The  genital  organs  are  usually 

•See  "Die  Pftraslten  dee  Menschen,**  etc.,  by  B.  Lenckart,  1870.  "Cestodes,** 
by  M.  Bnnn,  Bronn's  Klassen,  etc.,  Bd.  4,  p.  027,  1804  to  1900.  "Tapeworms  of 
Poultry,"  C.  W.  Stiles,  Ball.  No.  12,  Bureau  An.  Ind.,  1896.  "Parasites  of  Fishes 
of  tbe  Woods  Ucle  R^on,*'  by  B.  Linton,  BuU.  U.  8.  Fish.  Com.,  VoL  19,  p.  405, 
1900.  "Die  thieriscben  Paraslten  des  Menschen,**  by  M.  Brann,  1903.  "Parasites 
of  Fishes  of  Beaufort,'*  by  B.  Linton,  Bull,  of  Bur.  of  Fish.,  Vol.  24,  p.  821,  1905. 
"Illustrated  Key  to  tbe  Cestode  Parasites  of  Man,*'  by  C.  W.  Stiles,  Bull.  25, 
Hygienic  Lab.,  Wash.,  1906.  "Tsenold  Cestodes  of  North  American  Birds,**  by  B.  H. 
Bansom,  BulL  U.  8.  Nat.  Mus.,  1900.  "Die  Slisswasserfauna  Deutschl.,"  by  M. 
LAhe.  1910.  "Index  Catalogue,*'  etc  "Cestoda  and  Cestodaria,"  by  C.  W.  StUes 
aad  A.  Hassan,  BuH.  86,  Hjg.  Lab.,  Treas.  Dep.,  1912. 

t  See  "The  Formation  of  Proglottids  in  Crossobotbrlum  ladniAtam  Untoo,"  by 
W.  C.  Curtis,  BtoL  BuU.,  YoL  II,  p.  202,  1906, 
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immature  in  the  younger  segments;  those  following  eontain  the  mature 
organs,  and  in  the  terminal  segments  these  have  in  most  species  degener« 
ated,  except  the  uterus,  which  is  swollen  with  eggs,  each  of  which  usually 
contains  an  embryo.  In  the  typical  human  tapeworms  these  ripe  s^- 
ments  are  detached  and  pass  out  of  the  body  of  the  host  to  the  outside, 
where  they  break  open  and  the  young  are  scattered.  In  the  Bothrioceph- 
aUndea,  however,  the  eggs  are  laid  in  the  intestine  of  the  host  and  pass  out 
with  the  feces,  the  terminal  segments  often  containing  no  eggs.  In  some 
fish  tapeworms  the  segments  are  detached  before  they  are  ripe  and  remain 
free  in  the  intestine.  The  outer  surface  of  the  body  is  an  unciliated 
euticula,  while  the  interior  contains  la  vesicular  parenchyma,  in  which 
muscle  fibers  as  well  as  the  other  internal  organs  and  usually  also  cal- 
careous concretions  lie.  No  digestive  system  is  present,  nutrition  being 
carried  on  by  absorption  through  the  outer  surface  of  the  body.  The 
excretory  system  consists  typically  of  two  pairs  of  longitudinal  canals, 
one  pair  being  near  each  lateral  margin,  which  open  to  the  outside  in  the 
terminal  segment.  The  two  canals  on  each  side  are  not  of  the  same  size, 
the  ventral  being  smaller  than  the  dorsal  and  often  disappearing  alto- 
gether. The  dorsal  and  the  ventral  pair  are  very  often  connected  by  It 
cross  canal  in  each  segment,  and  fine  branches  extend  throughout  the 
parenchyma  containing  flame  cells.  The  nervous  system  consists  of  a 
number  of  longitudinal  nerves  extending  the  length  of  the  body  connected 
in  each  segment  by  a  ring  commissure;  in  the  scolex  is  a  pair  of  large 
ganglia  forming  the  brain  and  usually  other  ganglia,  joined  with  one 
another  by  a  complex  system  of  commissures. 

Cestodes,  with  rare  exceptions,  are  hermaphroditic  animals,  each  seg- 
ment containing  both  male  and  female  organs;  in  some  species  each  seg^ 
ment  contains  two  sets  of  genital  organs,  one  on  each  side  (Fig.  322). 
The  genital  pores  are  situated  either  in  the  margin  or  in  the  ventral  sur- 
face of  the  s^^ent.  In  the  lowest  cestodes  there  are  three  such  i>ores, 
through  which  the  vas  deferens,  the  vagina,  and  the  uterus,  respectively, 
open  to  the  outside  (Fig.  315,  B).  In  most  cestodes  the  vas  deferens  and 
vagina  pass  to  a  genital  atrium  which  has  a  single  external  opening,  and 
no  special  uterine  pore  is  present  (Fig.  327,  B).  The  arrangement  of  the 
reproductive  organs  is  complex  and  varies  considerably  in  the  different 
groups  of  cestodes. 

Habits  and  Distribution.— The  typical  embryo  of  the  tapeworm  is  a 
minute  spherical  animal  called  the  onchosphere  or  six-hooked  embiyo  (Fig^. 
311),  which  is  provided  with  three  pairs  of  locomotory  hooks.  Having^ 
been  swallowed  by  its  first  or  intermediate  host,  either  in  drinking  water 
or  on  the  food  of  the  latter,  it  woiks  its  way  by  means  of  its  hooks  into 
the  blood  vessels  and  may  be  carried  with  the  blood  to  various  parts  of 
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the  body  of  the  host  It  imbeds  itself  in  a  muscle  or  other  organs  and 
develops  into  a  characteristic  larva  called  a  bladder  worm.  This  larva 
is  in  some  cases  exactly  like  the  scolez  of  the  adtdt  worm  and  is  then 
called  a  plerocereas.  In  other  cases  it  con- 
tains besides  the  scolex  some  or  all  of  the 
strobila^  sometimes  with  the  genital  oigans, 
and  is  called  a  plerocercoid.  In  still  others 
it  is  an  ovoid  vesicle  filled  with  a  fluid  and 
containing  one  or  more  scolices  and  no  ^ig,  811— A«  Bsg  of  TmtUa 
proglottids  and  is  called  a  cysticercus,  or  fSSS^'^mbryo^^'same  cS» 
a  minute  vesicle  completely  filled  with  an     Jj^ont^^B^^urn^i  m^mbntne 

invaginated  scolez  and  called  a  cysticer- 

eoid.  This  larva  remains  quiescent  in  the  intermediate  host,  but  if 
this  animal  be  devoured  by  the  final  host  the  larva  is  transferred  to  the 
intestine  of  the  latter  and,  at  once  attaching  itself  to  the  intestinal  wall, 
b^;ins  to  produce  the  strobila.  In  a  few  weeks  or  months  the  entire  worm 
is  usually  formed. 

Cestodes  are  iimong  the  most  pronounced  animal  parasites  and  are 
found  in  all  countries  and  in  all  of  the  larger  animals.  Man  and  his 
domestic  animals  are  especially  liable  to  infection  and  may  be  the  hosts 
of  some  very  dangerous  tapeworms. 

Ht9lory.— The  common  tapeworms  of  man,  including  both  the  adult 
and  the  larval  worm,  have  been  known  to  science  from  the  time  of  the 
Greeks.  The  name  T€Bnia  for  a  tapeworm  occurs  in  Pliny,  and  the  name 
Ttema  soUum  has  been  employed  since  the  Middle  Ages,  when  it  was  given 
to  all  the  common  tapeworms.  The  order  Cestodes  was  established  in  1808 
by  BndolphL  It  included  however  only  the  ladult  worms,  the  larval  worms 
being  placed  by  Rudolphi  in  the  separate  order  CyaticL  The  relation  of 
the  adult  to  the  larval  worms  was  not  then  understood,  notwithstanding 
the  fact  that  Goeze  and  Pallas  in  the  previous  century  had  both  clearly 
indicated  it,  Rudolphi  and  all  the  important  helminthologists  of  his  time 
believing  that  tapeworms  may  develop  by  spontaneous  generation  in  the 
places  where  they  are  found.  In  fact  it  was  not  until  1851  that  it  was 
finally  demonstrated  by  Kiichenmeister  that  the  bladder  worm  is  the  larval 
stage  of  the  adult  worm.  This  investigator  showed  that  if  Cysticercus 
pisiformis  be  fed  to  a  dog  Ttsnia  serrata  will  very  shortly  appear  in  the 
dog's  intestine.  He  and  others  afterwards  repeated  the  experiment  with 
the  tapeworms  of  the  cat  and  of  man  and  of  other  animals.  In  the  case 
of  the  human  tapeworms  the  cysticerci  were  given  to  condemned  criminals 
and  the  adult  worms  were  invariably  found  in  their  intestines  after 
death.  Rudolf  Lenckart  has  since  been  the  most  active  in  the  study  of  the 
entire  group. 
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The  clasB  contains  not  far  from  1,000  species,  which  are  distribattd 
among  2  subclasses. 

Key  to  the  BubclaBsea  of  Cestodes: 

0,  No  Kolei;  no  Begmentation :  aahrjo  witb  10  books 1.  Gb8TddaiI4 

Oi  Body  usnall;  Begmented  and  witb  a  scolex ;    embiro  with  6  hooks. 

2.  Cbstodeb,  «.  tfr. 

Subclass  1.    CESTODABIA. 

Small,  nns^meiited  worms  which  live  in  fishes  as  adults  and  in 

mollusks  and  annelids  as  larvae;  no  distinct  scolex  is  present  althongh  th« 

forwardendhasacontracUlepapillaoraBucker;batl  set  of  genital  organs 

present;  uteros  a  winding  tube  witb  an  external  opening;  embiyo  with  10 

locomotory  hooks  and  called  a  lycophora:  2  genera  and  about  4  species. 

1.  Otbooottu*  Diesing  (Fig.  312).    Bod;  leaf-like  and  elliptical, 

irith  fluted  margins;  a  small  sucker  at  one  end  and  a  peculiar  "rosette" 

organ  at  the  other  end  with  a  retractile  proboscis:  4 

species. 

0.  fimbrlata  Watson.  Length  ap  to  55  mm. ;  width 
10  mm.;  in  intestines  of  Chimiera;  California. 

2.  Amfhsuxa.  Wagener.  Body  flat  and  leaf -like: 
forward  end  with  a  small  sncker,  beside  which  is  the 
uterine  pore;  at  the  opposite  end  are  the  openings  of 
the  eirms  and  the  vagina:  2  species. 

A.  foUacea  (Rudolphi).  Lei^th  20  mm.:  in  th« 
body  cavity  of  sturgeons. 

Subclass  2.    CESTODES— Sbtmi*  stricio. 
DtBlraiD  of  Body,    except   in    rare   cases,   segmented,   with    a 

<Spencw''froB»  Bcolex,  which,  however,  may  be  rudimentary  or  rft- 
l.sac/e^l'z.'inale  placed  by  a  pseudoscolex ;  uterus  with  an  extem&l 
t^'dk  ^ute^  opening  only  in  the  Bothnocephaloidea;  vas  deferens 
nerve?  sroteni^  ^^^  vagina  open  usually  into  a  genital  cloaca  which 
liJm.  ^"''^'  ^'  opens  to  the  outside  by  a  single  pore:  5  orders  and 
about  90  (renera. 
Key  to  the  orders  of  Cestodea  here  described : 
a.  Uterine  pore  present ;  genital  organa  do  not  d^Kenerate  in  the  ripe  MS- 


0,  No  nterine  pore ;  ripe  segmeota  contain  tbe  grarid  ntems  and  little  elae. 
bi  Proboocides  not  present  in  ecolei. 
o.  Four  tfothria  DBuallj  present;   folk  glands  paired;   principally  in  fiataea. 

2.  Trbaphtuidka 
o.  Four  SDcken  present ;  7oIk  glands  not  paired ;   in  land  vertebrates. 

3.  CTCLOPHTLLntta 
b.  Poor  retractile  proboaddes  present  in  scolex ;  in  fishes. 4.  TBTP^ROBarnoaa. 

f  B.  B,  Watson,  Univ.  tf  Cal  Feb.,  VoL  0^ 
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Obdeb  1.    BOTHBIOCEPHALOZDEA. 

Body  often  long^  with  or  without  distinct  segmentation;  scolez  with 
2  suckersy  one  in  the  dorsal  and  one  in  the  ventral  surface,  which  are 
usually  weak  and  in  certain  forms  are  highly  modified  by  the  extension  of 
their  edges,  and  may  be  rudimentary  or  wanting,  when  their  place  may 
be  taken  by  a  single  accessory  sucker  or  ii  pseudoscolez ;  a  uterine  or 
birth  pore  present  in  the  ventral  surface;  the  other  two  genital  pores 
also  usually  ventral  but  may^be  dorsal  or  marginal;  testes  numerous; 
ovary  either  distinctly  or  indistinctly  paired  and  in  the  hinder  part  of 
the  segment ;  yolk  glands  paired  in  the  lateral  areas  of  the  segment ;  the 
genital  organs  do  not  degenerate:  about  4  families;  either  adult  or  larval 
form  usually  in  fishes. 

Key  to  the  families  of  Bothriocephaloidea  here  described: 

Ox  Uterus  an  irregrularly  coiled  tube 1.  Diphtllobothbiidab 

a,  Utenui  not  a  coiled  tube,  usually  sac-like 2.  Pttchobothbiidab 

Family  1.    BIPHYLLOBOTHBIIDAE. 

Scolez  usually  without  hooks,  segmentation  in  most  cases  distinct, 
but  sometimes  wanting;  cirrus  (penis)  without  spines;  uterus  a  long  tube 
coiled  back  and  forth  across  the  segment:  4  subfamilies  and  about  15 
genera. 

Key  to  the  subfamilies  of  Diphyllohothriidae  here  described: 

Oi  Two  suckers  present 

&i  Scolez  very  short ;  no  neck  present 1.  Liguliitab 

^1  Scolex  elongate ;  neck  usually  present 2.  DiPHTixoBOTHBnNAB 

Ob  But  1  sucker 3.  Ctathocephalinax 

SXTBFAMILY   1.      LIGULIKAE. 

Scolez  short,  triangular,  with  small  suckers  and  without  hooks ;  genital 
pores  ventral:  in  the  intestine  of  water  birds  as  adults;  larva  a  plerocer- 
eoid  which  may  be  as  large  as  the  adult  and  is  found  free 
in  the  body  cavity  of  fishes :  2  genera. 

1.  LxGiTLa  Bloch.  Suckers  and  eztemal  segmentation 
wanting  in  the  larva,  and  only  the  forward  portion  ezter- 
nally  segmented  in  the  adult,  these  segments,  however,  not 
corresponding  to  the  internal  segmentation:  1  si)ecies. 

L.  intestinalls  (L.)  (Fig.  313).  Length  up  to  40  cm.  or  ^    3^3 

more;  width  10  mm.:  in  perch,  pike,  and  other  fresh-water  intMUnalit 

fish  as  a  larva,  and  in  gulls  and  other  water  birds  as  It^^^BriuS 
adult. 

2.  SoHZBTOCEFEALirB  Creplin.  Suckers  and  eztemal  segmentation 
present  and  distinct  in  the  larva  as  well  as  the  adult,  and  internal  and 
eiitemal  segmentation  identical:  1  species. 
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Vlg.  314 — BohtttocephalM  gatterotM. 

eod  (LlDtoD)  ;  B,  flab  contalDloE  t] 

vDTm  (Cambridge  Nataral  Hiatorf ). 


t,  flgb  contalDlDK  the  larval 


8.  gwteiostel  (Fabriciue)  (Fig.  314).  Length  np  to  30  cm.:  ia 
Gasteroateua  and  other  fish  and  also  tbe  frog  as  a  larva,  and  in  water  birds 
as  adult. 

SoBTAHiLT  2.  DIPHTLLOBOTHBIINAE. 
Scolex  without  hooks  and  with  either  2  small  suckers  or  higfal;  modi- 
fled  Backers }  segmentation  distinct;  cirrus  and  vagina  open  into  a 
genital  eloaca,  the  pore  of 
which  is  ventral  and  in 
^nt  of  the  uterine  pore: 
6  genera;  in  higher  verte- 
brates. 

1.   DlPKTLLOBOTXKnnC 

Cobbold  (Bothriocephalua 
Rudolphi;  Dibothriocepha- 
tus  Liihe).  Scolex  flattened  laterally  with  2  deep  slit-like  snckers;  strobila 
long;  uterus  a  long  tube  coiled  Eigzag:  over  60  species;  in  carnivorous 
mammals  and  water  birds. 

D.    Utnm    (L.)     (Fig.    315). 
Length   up  to  9  m.,  with   several 
thousand     segments;     onchosphere 
eiliated  and  free-swimming:  larva  a 
plerocercoid  30  mm.  long  found  in 
the  perch  and  many  other  fishes; 
adult  worm  in  man,  also  in  the  cat 
and   dog,   and   oom- 
moa  in  certain  locali- 
ties, especially  where 
flsh   is  much  eaten; 
in  this  country  rare. 

StmrAitiLT  3.    CTATHOCEPHALINAE. 
Scolex  usually  with  a  single  terminal  sucker;  outer 
segmentation   indistinct  or  wantii^;   genital  pores  either 
ventral  or  dorsal  or  both :  1  genus. 

CTATHOOiPKALtm  Kessler.    With  tbe  characters  of 
the  subfomily:  1  species. 
Fis-sis  0.  tmncatiu  (Pallas)   (Fig.  316).    Length  up  to  20 

cspAalM  mm.;  with  about  6  segments:  in  the  pyloric  coeca  of  the 

(zil^ofcke).       whiteflsh. 

Familt  8.    PTTCHOBOTHBIIDAE. 
Scolex  without  hooks,  with  2  snckers  more  or  less  developed,  each 
of  which  may  be  converted  into  a  pocket  by  the  partial  fusion  of  its 


n 


.S  —  DIptigllobothHum  latum 
).  A,  anterior  end.  sbowlnc 
B,   iiistuT«   aesmeiit.      1.   jolk 

.  Wrth   pore:    3,  otenu;    4, 

.  eicretor*  ranal;  6,  Derre; 
8,  tbkId*!  Dore  i  8,  male  geol- 
drrni)  ;   10,  uterine  poie. 
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walls,  or  may  be  subdivided  into  2  portionsi  of  which  the  hinder  may  have 
the  appearance  of  a  separate  sucker;  a  pseudoecolez  may  also  take  the 
place  of  the  scolez;  uterus  usually  an  extensive  sac,  which  may  occupy 
the  greater  i>art  of  the  segment  with  a  ventral  opening;  pore  for  cirrus 
and  vagina  either  marginal  or  dorsal:  7  genera;  in  fishes. 

1.  ABOTHmnrK  van  Beneden.  Suckers  shallow;  a  cylindrical  pseudo- 
scolex  may  be  present  in  place  of  the  scolez,  the  hinder  margin  of 
which  is  prolonged  backwards  so  as  to  project  over  the  strobila;  seg- 
mentation of  hinder  part  indistinct;  cirrus  and  vaginal  pores  marginal, 
that  of  uterus  medium:  3  species. 

A.  rugosnm  (Batsch).  Length  25  cm.  or  more;  breadth  4.7  mm.: 
in  the  intestine  of  the  cod;  often  common. 

2.  BoTHBiooEPEALini  Budolphi  (Dibothrium  Diesing).  Scolez  elon- 
gate with  rather  weak  suckers;  no  accessory  suckers;  segmentation 
often  indistinct;  neck  not  present;  uterine  opening  midventral;  common 
genital  pore  for  cirrus  and  vagina  middorsal:  about  4  species. 

B.  lacinatns  (Linton).  Body  15  cm.  long,  4  mm.  broad  in  the 
middle,  tapering  towards  hinder  end ;  segmentation  distinct,  the  posterior 
margins  of  the  proglottids  projecting  backwards,  making  the  margin  of 
the  strobila  serrate :  in  Tarpon  atlanticus. 

s 

Order  2.    TETBAPHirLLIDEA. 

Scolez  with  4  bothria,  which  vary  much  in  form,  being  either  stalked 
or  not  and  with  or  without  hooks  and  accessory  suckers;  a  pseudoscolez 
may  replace  the  scolez;  segmentation  distinct;  cirrus  and  vagina  open  on 
the  margin;  no  uterine  pore;  yolk  glands  paired:  4  families  and  about 
30  genera;  in  selachians,  and  also  in  other  fish,  amphibians,  and  reptiles. 

Key  to  the  families  of  Tetraphyllidea  here  described: 

Oi  Hooks  present  at  the  forward  end  of  each  bothrium. . .  .1.  Oitchobothriidab 
Oa  No  spch  books 2.  Phyllobothbiidak 

Family  i.    ONCHOBOTHEIIDAE. 

Hooks  of  various  shape  present  in  the  anterior  rim  of  the  bothriA; 
bothria  either  sessile  or  with  short  stalks;  accessory  suckers  usually 
present;  the  segments  usually  detach  themselves  before  sezual  maturity: 
in  spiral  valve  of  selachians;  9  genera. 

1.  CAixzoBOTHBimc  Van  Beneden.  Bothria  elongate,  each  being 
divided  by  2  transverse  septa  into  3  divisions  of  unequal  size  and  with 
either  1  or  3  small  accessory  suckers  and  2  or  4  simple  hooks:  several 
species. 

0.  Tfurticillatiim  (Rudolphi).  Length  up  to  15  cm.;  length  of  ter- 
minal, segment  about  3.5  nun,,  width  1.7  mm.;  a  3-lobed  accessory  sucker 
and  4  hooks  in  front  of  each  bothrium;  body  very  slender,  resembling 
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a  white  hair;  seolez  the  size  of  a  small  pinhead:  often  common  in  spiral 
valve  of  the  smooth  dogfish. 

2.  PEOBXXOBOTHBniic  linton.  Bothria  rectangular  and  elongate, 
without  subdivisions;  an  accessory  sucker  and  2  three-pronged  hooks 

at  the  forward  end  of  each  bothrium;  neck  long,  with 
minute  spines:  1  species. 

P.  lasium  Linton  (Fig.  317).  Length  4  em.;  terminal 
segment  about  2.2  mm.  long  and  .84  mm.  Wide:  in  spiral 
valve  of  the  dusky  shark. 

Ml  Faiolt  2.    PHYLLOBOTHBIIDAE. 

Fig.  817 

Seolez  of  Scolez  without  hooks;  bothria  usually  stalked  and  with 

Phoreiohoth'  .   . 

Hum  latium  .     or  without  septa  subdividing  them,  and  with  or  without  a 
(Linton). 

myzorhynchus,  which   is  !a  central,  stalked  sucker  rising 

from  midst  of  the  bothria,  and  other  accessory  suckers:  about  12  genera. 

Key  to  the  genera  of  Phyllohothriidae  here  described : 

Ox  Bothria  without  tranflyerse  septa  and  myzorbyncfaua. 

&^  Bothria  without  accessory  suckers 1.  AwTHOBormaPM 

&a  Bothria  with  accessory  suckers. 

Oi  Each  bothrium  with  2  suckers 2.  Obtomatobothbium 

0|  Each  bothrium  with  1  sucker. 

di  Edges  of  bothria  not  or  but  little  convoluted 8.  CBOSSOBOTHanric 

4i  Edges  of  bothria  very  mnch  convoluted 4.  Phtixobothsiuic 

a,  Bothria  with  2  septa  and  with  a  myiorhynchus 5.  EoHExnoBOTHBiuiff 

1.  AvTHOBOTHBruK  Van  Beneden.  Bothria  very  contractile,  oval 
in  shape,  stalked,  their  edges  not  or  but  little  folded;  without  accessoiy 
suckers;  body  elongate:  several  species. 

A.  ladniatnm  Linton.    Length  up  to  21  mm.;  length  of  terminal 
segment  about  1.8  mm.,  width  1  mm. :  in  spiral  valve  of 
sand  shark  and  other  sharks;  often  numerous. 

2.  Ohtoxatobothbittx  Diesing.    Bothria .  stalked, 
with  a  larger  accessoiy  sucker  in  the  middle  and  a 
smaller  one  at  the  forwatd  end  of  each,  which  may  be       crowoio^ium 
confluent;  neck  long:  several  species.  '(cSr8ls)T* 

0.  paulI}^L  Linton.    Length  9  mm. ;  breadth  of  ter- 
minal segment  about  .28  mm.,  length  1.03  mm.:  in  spiral  valve  of  the 
tiger  shark;  often  very  numerous. 

3.  CaossoBOTEBiTTX  Linton.  Bothria  stalked,  each  with  an  aceefr> 
sory  sucker  at  the  forward  end,  and  with  its  rim  more  or  less  convo- 
luted; body  elongate:  1  species.  ^ 

0.  ladniatnm  Linton  (Fig.  318).  Length  up  to  25  cm.;  segmenta- 
tion occurs  at  certain  times  in  both  directions,  making  the  middle  segments 
the  youngest :  in  the  spiral  valve  of  the  sand  shark ;  common. 
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4.  PKTLLOBOTHBZinc  Van  Beneden.  Bothria  sessile  or  nearly  so, 
irith  very  convoluted  edges  and  with  an  anterior  accessory  sucker;  neck 
very  long:  several  species. 

P.  f  oUatnm  Linton.  Length  up  to  18  cm. ;  length  of 
terminal  segment  about  1.4  mm.,  width  .9  mm.:  often 
numerous  in  spiral  valve  of  the  sting  ray. 

6.  BoHSVBZBOTHBnjic  van  Beneden.  Bothria  stalked, 
elongate  or  oval,  imd  very  contractile,  the  face  of  each 

Ftff    310 

being  subdivided  by  1  or  2  longitudinal  and  several  trans-         scoiew  of 

;         ,  ,  ,  .  Boheneiltothriitm 

verse  septa;  myzorhynchus  present  but  may  be  wantmg  m  rariauie 

,  (Braun). 

old  worms:  several  species. 

E.  variabile  v.  Ben.  (Fig.  319).    Length  about  10  cm.;  neck  long: 

in  the  spiral  valve  of  the  common  skate;  often  common. 

Okdsb  3.    OTOLOPHTLLIDEA. 

Body  usually  elongate;  scolez  with  4  simple  cup-shaped  suckers, 
between  which  a  protrusile  rostellum  with  hooks  is  usually  present; 
segmentation  distinct;  no  uterine  pore;  common  genital  pore  usually 
marginal;  yolk  gland  unpaired  and  usually  behind  the  paired  ovary:  10 
families  and  about  50  genera  which  live  principally  in  the  higher  verte- 
brates; larva  a  eysticercus  or  cysticercoid,  so  far  as  known. 

Key  to  the  families  of  Cyclophyllidea  here  described: 

Oi  Uterus  transyerae  in  position  and  either  tubular,  sac-like,  or  reticulate. 

hi  Scolez  without  hooks 1.  Anoflogephaudab 

5,  Scolez  with  hooks. 

Ci  No  hooks  in  the  suckers 2.  DiPTLiDnDAB 

Ca  Suckers  armed  with  hooks 3.  DAVAiNEmAX 

Oa  Uterus  consists  of  a  median  stem  and  side  branches 4.  TiENUDAB 

Family  1.    ANOPLOCEPHALIDAE.* 

Scolez  more  or  less  spherical,  without  hooks  but  with  large  suckers; 
segments  short  and  wide;  uterjis  transverse  in  position  and  tubular,  sac- 
like, or  reticular:  in  mammals;  8  genera. 

Key  to  the  genera  of  Anoplocephalidae  here  described : 

IK  Genital  pore  on  but  one  side  of  the  segment. 

hi  Genital  pores  on  the  same  side  of  all  the  segments 1.  Anoflocephala 

(,  Genital  pores  regularly  or  irregularly  alternate 2.  Bebtia 

Of  Genital  pores  on  both  sides  of  the  segment 

hi  Uterus  reticulate  and  double 4.  Moniezia 

&a  Uterus  tubular. 

Ci  Uterus  a  thick  tube,  single  or  double :  in  rodents. 3.  CrrroT^NiA 

Ct  Uterus  undulate :  in  sheep 5.  Thysanosoma 

*  See  "A  BeTislon  of  the  Adult  TapewormB  of  Hares  and  Babbits,"  by  G.  W. 
StUes,  Proc  U.  S.  Nat.  Mus.,.  VoL  10,  p.  145.  1806. 
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Fig.  320 — Ante- 
rior end  of  Anoplo- 
cephaia  perfoliata 
(Ward). 


1.  AvoPLOOEPHALA  Blanchatd.  Segments  much  broader  than  long; 
genital  pores  all  on  the  same  side  of  the  segments  and  never  oji^both 
sides:  about  16  species;  in  horses  and  rodents. 

A.  perfoUata  (Goeze)  (Fig.  320).  Length  up  to  8 
cm.;  scolex  large,  square,  with  4  projections  extending 
backwards,  2  being  dorsal  and  2  ventral:  in  the  ileum, 
caecum,  and  colon  of  the  horse,  often  in  large  numbers. 
2.  Behtia  BlaHchard.  Segments  broader  than 
long;  genital  pores  regularly  or  irregularly  alternate, 
but  never  on  both  sides  of  a  segment:  in  apes,  mon- 
keys, and  rodents;  about  6  species. 

B.  americana  (Stiles).  Length  33  mm.;  width  6  mm.;  with  about 
90  segments;  no  calcareous  concretions:  in  porcupines;  often  common. 

3.  CiTTOTiEinA*  Riehm.  Segments 
broader  than  long  with  genital  pores  on 
both  sides ;  2  sets  of  genital  organs  and  1  or 
in  some  cases  2  simple,  transverse,  tubular 
uteri  in  each  segment;  vagina  always  ven- 
tral to  the  cirrus:  in  rodents;  7  species. 

C.  variabilis  (Stiles)  (Fig.  321). 
Length  up  to  18  cm.;  breadth  10  mm.; 
cirrus  pouch  tubular,  of  equal  diameter 
throughout;  testes  form  a  band  in  the 
median  area  between  the  ovaries:  in  the 
cotton-tail  rabbit  and  the  marsh  hare. 

4.  MoNlEZlAf  Blanchard.  Segments  broader  than  long  with  genital 
pores  on  both  sides;  2  sets  of  genital  organs  and  2  complex  reticulate 
uteri  in  each  segment;  vagina  ventral  on  right  side  and  dorsal  on  left 
side  to  cirrus;  interproglottidal  glands  along  hinder 
margin  of   the   segment:    6   species;   in   ruminants. 
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Fig.  821 — CittotiJBnia  variabilU 
(Stiles).  A,  head;  B,  a  seg- 
meat.  1,  excretory  canals;  2, 
o?ary ;  3,  testes. 


Fig.  322 — Moniezia  planisaima  (Stiles).    A,  a  segment:   B,  head.    1,  genital  pore; 

2,  ovary ;  3,  yolk  gland ;  4,  Interproglottidal  gland. 

M.  planisaima  Stiles  and  Hassall  (Fig.  322).  Body  very  broad  and 
flat  and  up  to  2  m.  long,  and  26  mm.  broad;  interproglottidal  glands 

•See  "Studies  on  the  Genus  Cittotsnia,*'  by  R.  A.  Lyman,  Stnd.  from  Zoot 
Lab.,  Univ.  of  Neb.,  No.  48,  1902. 

t  See  "A  Bevlsion  of  the  Adult  Cestodes  of  Cattle,  Sheep,"  etc.,  by  C.  W.  Stiles 
and  A.  Hassall,  BuU.  No.  4,  Bur.  Animal  Ind.,  1893. 
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Fig.  323 — Moniezia  expanaa  (Stiles).    A,  two  segments; 
B,  end  view  of  head;    g.,  interproglottldal  glands. 
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elongate  and  not  in  groups:  in  small  intestine  of  sheep  and  cattle;  often 
common. 

M.  expansa  (Rudolphi)  (Fig.  323).  Body  up  to  4  m.  long  and  26 
mm.  wide,  and  often 
quite  thick;  interpro- 
glottldal glands  a 
straight  row  of  round 
sacs :  in  sheep,  cattle, 
deer,  and  goats;  com- 
mon. 

5.THTSAV0S01CA 

Diesing.    Segments  broader  than  long  with  genital  pores  on  both  sides  or 
only  on  one  side,  and  either  2  or  1  set  of  genital  organs;  a  single  uterus 

in  each  segment  con- 
sisting of  an  undulat- 
ing, transverse  tube 
with  side  pockets:  2 
species,  in  sheep. 
A  ^  T.  actinoides  Dies. 

^*-  ^^Thytanosoma  actinoides  (Stiles).    A,  bead,      xj^    frinired  tapeworm 
side  view  and  ventral  view  ;  B,  segments.  A*x«g««  i^^,^yw^aux 

(Fig.  324).  Length 
up  to  30  cm.;  width  8  mm.;  head  prominent;  neck  very  flat  and  broad; 
hinder  margin  of  each  segment  fringed:  common  in  the  west. 

Family  2.    DIPYLIDIIDAE. 

Scolex  usually  with  hooks  on  a  rostellum;  uterus  made 
up  of  a  large  number  of  egg  sacs,  or  it  may  be  absent,  in 
which  case  the  eggs  are  distributed  throughout  the  par- 
enchyma; larva  a  cysticercoid :  in  birds,  mammals,  and 
reptiles;  10  genera. 

1.  DlTTLinimc  Leuckart.  Rostellum  retractile  and 
with  hooks;  genital  pores  and  organs  double  in  each  s^- 
ment;  uterus  reticular:  1  species. 

D.  caninum  (L.)  {D,  cucumerinum  Rudolphi)  (Fig. 
325).  Length  up  to  25  cm.;  breadth  3  mm.;  ripe  segments 
about  7  mm.  long  and  3  mm.  wide  and  often  reddish  in 
color :  in  cats  and  dogs,  and  occasionally  in  young  children ; 
cysticercoid  in  the  •  dog's  flea ;  common. 

2.  Htxeholepzs*  Weinland.    Small  filiform  worms  with  broad  seg- 
ments with  the  genital  pores  all  on  the  left  and  never  on  both  sides; 

*  See  "An  Account  of  the  Tapeworms  of  tbe  Genus  Hymenolepis  Parasitic  In 
Man,"  hj  B.  H.  Ransom,  Bull.  No.  18,  Hyg.  Lab.,  1904. 


Figr.  325 
Dipylidium 

caninvm 
(from  Ward). 
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rofitellum  retractile  and  with  or  without  hooks;  3  testes  in  each  seg- 
ment; with  a  sac-like  uterus  filling  the  ripe  segment:  ibont  30  species;  in 
mammals  and  birds. 

H.  nana  (von  Siebold).  The  dwarf  tapeworm  (Fig.  326).  Length 
15  mm.  or  more;  breadth  .7  mm.;  scolez  with  a  single  row  of  about  28 

hooks:  in  the  small  intestine  of  man  and  the  rat  and 
mouse;  the  cysticercoid  lives  in  the  intestinal  villi  of  the 
same  host;  the  parasite  often  causes  diariiiea  and  nervous 
attacks. 

H.  carioca  (Magalhss).  Length  up  to  8  cm.;  width 
.7  mm.;  rostellum  without  hooks;  edge  of  strobila  serrate: 
in  chickens;  common. 

H.  dimnuta  (Rudolphi).  Length  up  to  6  cm.;  width 
4  mm.;  rostellum  rudimentary^  without  hooks:  in  cats  and 
mice. 

Fajcily  3.    BAVAINEIDAE. 

Scolez    with    hooks    on    a   retractile    rostellum    and 
HvmvnoSpu       numerous  small  hooks  in  the  suckers;  genital  pore  usually 
(Leuckart)         ^°  ^^^^  ^^®  ^^®  ^^  *  segment:  3  genera;  in  mammals  and 

birds. 
Dataivea  Blanchard  and  Bailliet.    Small  worms;  eggs  in  capsules 
in  the  middle  area  of  the  ripe  segment:  about  15  species. 

D.  sahnoni  Stiles.  Length  88  mm.;  breadth  3  mm.;  number  of  seg- 
ments about  450 ;  genital  pores  generally  alternate :  in  Lepus  sylvaticua  and 
L,  melanotis. 

Family  4.    T-ffilNIIDAE. 

Scolez  usually  with  a  rostellum  with  hooks;  uterus^  in  the  ripe  seg- 
ment, composed  of  a  median  tube  and  lateral  branches;  usually  long 
worms  with  segments  longer  than  wide;  genital  pores  alternating  irregu- 
larly and  never  on  both  sides  of  a  segment :  several  genera. 

1.  T^SHIA  L.  With  the  characters  of  the  family :  numerous  species, 
which  are  usually  found  in  predacious  mammals  and  man,  the  cysticer- 
cus  being  found  in  ruminants  and  other  plant  feeders. 

T.  saginata  Goeze.  The  beef  tapeworm  (Fig.  327).  Length  10  m. 
or  more,  with  over  a  thousand  segments,  usual  length  4  to  8  m.;  ter- 
minal segments  about  20  mm.  long  and  7  mm.  broad,  containing  a  uterus 
which  has  from  20  to  30  branches  on  each  side;  scolez  2  mm.  thick, 
without  rostellum  or  hooks:  in  the  human  intestine;  the  cysticercus 
{C,  hovis)  is  about  9  mm.  long  and  5  mm.  thick  and  lives  in  the  muscles  of 
cattle,  and  a  person  may  infect  himself  with  the  worm  by  eating  rare 
beef;  the  commonest  human  tapeworm  in  this  country. 


T.  xdiiun  L.     Tbe  pork  tspeworm  (Fig.  328).     Length  about  3  m^ 
with  abont  900  B^ments;  terminal  a^ment  about  12  mm.  long  and 


KBmeni:  nuoni  &  cuira  oi  coe  aiBisiiire  back  irom  the  bead ;  C,  terminal  Begmeiii ; 
D,  ■  piece  of  beet  coutalulDg  time  cjitleoid  ;  P,  commoD  Keoltal  pore.  Otber  refer- 
eucea  aa  In  Fig.  aio. 

6  mm.  wide,  containing  a  uterus  which  baa  from  7  to  10  branches  on 
eaeh  side;  scolex  about  1  mm.  thick  with  a  rostellum  bearing  a  double 
row  of  about  28  hooks:  in  the  human  intestine;  the  cysti- 
cercus  (C  cellvlo»ae)  is  from  6  to  20  mm.  long  and  about 
half  as  wide  and  thick  and  lives  normally  in  the  mnscles  of 
the  pig,  but  also  lives  readily  in  man,  being  found  in  the 
^e,  brain,  heart,  and  other  organs  and  causing  often  in- 
sanity or  death;  rare  in  this  country. 

T.  marglnatli  Batsch,  The  large  dog  tapeworm. 
Length  up  to  3  m.;  terminal  s^ments  10  mm.  long  and 
5  mm.  wide,  containing  a  nterus  with  from  4  to  8  branches 
on  each  side;  rostellum  with  2  rows  of  about  38  hooks:  in 
the  dog;  cystieercus  {C,  tenuicollw)  in  the  viscera  of  piga 
and  ruminants;  not  common  in  this  country. 

T.  snrata  Qoeze.  The  serrate  dog  tapeworm.  Length 
up  to  1  m. ;  terminal  segments  10  mm.  long  and  5  mm.  wide, 
eontaining  a  uterus  with  S  to  12  branches  on  each  side;  edge 
of  strohila  serrated;  rostellam  with  2  rows  of  about  40 
books:  in  the  dog;  cysticercua  (C.  pisifoTmis)  about  the 
size  of  a  small  pea,  in  the  peritoneum  of  rabbits  and  hares; 


T.  craalc(dlis  Rudolphi.    The  cat  tapeworm.    Length 
np  to  60  cm. ;  terminal  segments  10  mm.  long  and  6  mm.  wide,  containing 
a  uteruB  with  abont  10  branches  on  each  side;  rostellum  with  2  rows  of 
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about  50  hooks:  in  the  cat;  cyBticercuB  (C.  faaciolaria)  in  the  liver  of  the 

mouse  and  rat,  where  it  forms  a  coDBpicuous  tumor,  and  is  peculiar  in  that 

it  consists  of  a  scolez  and  a  number  of  segments,  the 

latter,  however,  degenerating  on  arriving  in  the  cat's 

intestine  and  the  scolex  developing  a  new  strobila;  very 


ripe  aesDieDt, 


2.  1IUI.II0SP8  Qoeze.  Like  Ttmia  but  with  a  large 
cysticercus  from  the  inner  wall  of  which  many  scolices 
project  into  the  interior:  abont  6  species. 

H.  mnlticeps  (Leske)  {Ttenia  ceenunu  von  Sie- 
bold).  The  gid  tapeworm*  (Fig.  329).  Length  ap  to 
60  cm. ;  terminal  segments  5  mm,  long  and  2  mm.  broad, 
contaioing  a  uterus  with  about  22  branches  on  each  side; 
roetellum  with  2  rows  of  about  30  hooks:  in  the  dog; 
(^sticercus  (Csnurus  cerebTalis),  which  is  25  mm.  in 
diameter  or  larger  and  spherical  and 
contains  hundreds  of  scolices,  lives  in 
the  brain  or  spinal  cord  of  sheep  and 
occasionally  cattle,  causing  gid  or  stag- 
gers; northwestern  states;  Europe;  often  killing  great 
number  of  sheep. 

S.  EOHZNOOOOODB  Rudolphi.  Like  Ttsnta,  but  with 
a  large  cysticercus  from  the  inner  wall  of  which  capsules 
of  scolices  project  into  the  interior:  several  species. 

E.  grannlOBOS  (Batsch)  {Txnia  echinococcus  von 
Siebold).  The  echinococcus  tapeworm  (Fig.  330). 
Length  up  to  5  mm.,  with  but  3  or  4  segments;  rostellum 
prominent,  with  2  rows  of  about  40  hooks:  in  the  dog; 
cysticercus  (EchinococcuB  polt/morphui)  lives  in  the 
liver  or  other  oi^ns  of  sheep,  pigs,  cattle,  or  other 
animals,  and  also  in  man,  when  it  is  called  a  hydatid 
cyst,  and  as  it  may  grow  to  be  half  a  foot  in  diameter 
and  to  weigh  several  pounds  and  contains  thousands  of 
scolices,  it  may  cause  death;  often  common  in  Europe 
but  Apparently  rare  in  this  country;  infection  obtained  directly  from  the 
hair  or  tongue  of  dogs. 

Order  4.    TBTFANOBHTHOHA. 

Scolex  very  long,  composed  of  2  portions,  a  head  which  has  2  or  4 
botbria  and  4  retractile  and  spinose  proboscides,  and  a  long  head  stalk; 


aegmeat&tioa  distinct;  genital  pores  marginal)  genital  organs  vith  the 
same  arningement  as  in  the  TetraphylUdea:  in  the  intestine  of  selaehians; 
larvae  encysted  in  teleosts;  2  families. 

PiMiLT  EHTNCHOBOTHBIIDAE. 
With  the  characters  of  the  orders:  nnmerons  genera, 
concerning  the  value  and  position  of  man;  of  which  much 
nncertaint;  prevails. 

1.  Ekthohobothuitb  Rudolphi.  Two  bothria,  one 
dorsal  and  one  ventral,  which  tend  to  convei^  at  their 
forward  ends:  many  species. 

B.  hulhifer  Linton  (Fig.  331).  Bothria  oval;  neck 
long  and  slender;  length  of  body  up  to  40  mm.,  with  12  or 
less  segments:  in  spiral  valve  of  Muatetua  cants;  cysts  in 
mackerel,  blueflsh,  and  other  teleosts;  common. 

2.  TzTBAXHnroROBOTKBnni  Diesing.  Four  bothria 
present;  head  stalk  cylindrical;  many  species. 

T.  robnsttim  (Linton).     Bothria  elongate;  length  of 
body    24  mm.;   eegmente  usually  broader   than    long:    in      Rhynchoboth- 
stomach  and  intestine  of  skate;  common.  (LIdIod). 

Class  4.    NEHEKTZA.* 

Nemerteans.  Soft,  vety  contractile,  and  often  brightly  colored  flat- 
worms,  most  of  which  are  non-parasitic 
and  live  in  the  sea.  The  body  b  usually 
elongate  and  more  or  less  tape-like  or  fili- 
form, varying  in  length  from  5  mm.  to 
30  m.  m  the  different  species;  it  is  unseg- 
mented,  but  often  has  an  annulated  ap- 
pearance due  to  the  regularly  repeat«d 
subdivisioDS  of  certain  of  the  internal 
organs.  The  mouth  is  in  the  veutrat  sur- 
face near  the  front  end  and  the  anus  is  at 
the  hinder  end  of  the  body.  Dorsal  to  the  mouth  (Fig.  332)  is  an  opening 
into  a  very  deep  tubalar  pocket,  extending  far  back  into  the  bod;,  a  portion 

*  See  "Uarlne  Nrmcrteani  of  New  Bagland  and  Adjicent  Waterg,"  bj  A.  B. 
VeiTlll,  Tnua.  Codd.  Acad.,  Vol.  8,  p.  382,  1S92.  "Die  NemertlDen,"  PiaDa  a.  Flora 
d.  Oolfei  V.  Neapel,  b;  O.  BQrger,  1896.  "NemertlDl,"  Kl.  n.  OrdD.,  Vol.  4,  Sapp., 
1S6T.  "On  tbe  Connective  TlsBuea  and  Body  CaTtUea  at  tbe  Nemerteins,  wltb  Notes 
on  Clasalflcatioii,"  by  T.  H.  Montsomer;,  Jr.,  Zool.  Jabrb.  Anat,  TaL  10,  p.  1.  "Notea 
of  the  Tlmea  of  Breeding  of  Some  Common  New  England  Nemertfane,"  by  W.  R.  Coe. 
Sdeoce  N.  8.,  Vol.  9,  p.  lOT,  1899.  "Nemertlol."  by  O.  BUrger,  Das  Tlerrelcb,  1904. 
"ajno[Kla  of  tbe  Nemerteana,  Part  I,"  by  W.  R.  Coe,  Am.  Nat.,  Vol.  39,  p.  42S. 
"Nemerteana  of  tbe  West  and  Nortbweat  Coaat  of  Nortb  America,"  by  W.  R.  Cos, 
BoU.  Hm.  Comp.  ZooL,  ToL  47,  ISOB. 
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of  which  can  be  everted  and  thrust  forward  in  the  form  of  &  probosek 
(Fig.  333) :  in  most  hoplonemerteans  this  opening  coincides  with  the 
mouth.  The  proboscis  is  often  nearly  as  long  as  the  body  itself  and  can 
be  thrust  out  far  in  advance.  It  is  primarily  a  tactile  organ  and  in  the 
hoplonemerteans  is  armed  with  calcareous  stylets  of  characteristic  form, 
indicating  that  it  has  also  an  offensive  function.  Dorsal  to  the  proboscis 
in  most  species  are  the  openings  of  the  so-called  cephalic  glands.  In 
Malacobdella  a  large  sucker  is  present  at  the  hinder  end,  and  Nectonemertea 
possesses  a  pair  of  lateral  swimming 
organs.  Many  heteronemerteans  have 
a  caudal  cirrus  at  the  posterior  end. 
The  outer  surface  of  the  body  is  a 
glandular,  ciliated  epithelium  and  is 
often  brightly  colored. 

No  body  cavity  is  present,  the 
spaces  between  the  organs  being  filled 
with  a  gelatinous  parenchyma.  The 
proboscis,  however,  is  surrounded  by  a 
muscular  sheath  containing  a  corpuscu- 
lated  fluid  (Fig.  333,4).  The  digestive 
canal  extends  the  whole  length  of  the 
body,  and  is  usually  differentiated  into 
oesophagus,  stomach,  intestine,  and  rec- 
tum. The  intestine  is  often  provided 
with  regularly  recurring  paired  diver- 
ticula and  in  the  hoplonemerteans  has 
a  long  intestinal  csBcum,  extending  for- 
ward to  near  the  front  end  of  the  body. 
Two  or  three  longitudinal  blood  vessels 
with  connecting  branches  and  contain- 
ing a  corpusculated  fluid  differing 
somewhat  from  that  in  the  proboscis 
sheath  extend  the  length  of  the  body  and  are  connected  with  large  blood 
spaces.  A  pair  of  profusely  branched  longitudinal  excretory  canals  lie 
alongside  the  lateral  blood  vessels  in  the  anterior  portion  of  the  animal, 
which  usually  open  to  the  outside  through  one  or  more  pores  on  each  side 
of  the  body.  Minute  branches  of  these  canals  extend  into  the  parenchyma 
and  end  in  flame  cells.  The  central  nervous  system  consists  of  a  four- 
lobed  brain  and  a  pair  of  large  lateral  nerves  (Fig.  332)  extending  to 
the  hinder  end  of  the  body,  where  they  join;  a  dorsal  median  nerve  is 
also  usually  present  and  in  some  species  a  ventral  median  one  as  well. 
A  pair  of  lateral  ciliated  canals  called  the  cerebral  organs  because  they 


Fig.  833 — ^Diagram  of  nemertean 
worm— ^lorsal  aspect.  A,  with  pro- 
boscis retracted ;  B,  with  proboscis 
extended  (altered  from  Boas).  1, 
stylet;  2,  proboscis;  3,  poison 
gland ;  4.  proboscis  sheath ;  6,  in- 
testine; o,  gonads. 
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lie  in  dose  relation  to  the  dorsal  cerebral  lobes  occur  in  most  nemer- 
teans:  these  are  represented  by  a  i>air  of  lateral  sensory  grooves  in 
many  paleonemerteans.  In  the  hoplonemerteans  and  some  heteronemer- 
teans  also  occur  one  to  three  supraoral  or  frontal  organs,  which  are 
sensitive  protuberances  capable  of  being  retracted  so  as  to  form  a  pit. 
Simple  ocelli,  each  with  lens  and  nerve,  occur  in  most  nemerteans. 
The  number  of  such  ocelli,  which  in  a  few  forms  are  scattered  along  the 
sides  of  the  body,  may  exceed  200.  A  few  species  have  auditory  sacs. 
The  muscular  system  is  well  developed,  consisting  of  two  or  three  layers 
of  circular  and  longitudinal  muscles  which  bear  an  intimate  relation  to 
the  main  nerves. 

Most  nemerteans  are  unisexual,  but  a  few  are  hermaphroditic.  The 
gonads  are  paired,  spherical  organs,  which  usually  lie  between  the  intes- 
tinal diverticula  (Fig.  333)  and  discharge  their  products  directly  through 
the  body  wall  to  the  outside,  no  permanent  genital  ducts  being  present. 
A  few  are  viviparous.  Development  is  direct  in  many  forms,  while  in 
others  the  young  animal  leaves  the  egg  as  a  free-swimming  larva 
(pilidium  or  Desor's  larva)  and  passes  through  a  complicated  metamor- 
phosis before  acquiring  the  form  of  the  parent. 

History.— The  Nemertea  have  only  quite  recently  been  given  an  inde- 
pendent systematic  position,  having  been  formally  grouped  with  the 
Turbellaria.  The  name  orig^ated  with  Cuvier,  who  in  1815  gave  the  ge- 
neric name  Nemertea  to  Lineus  longiseimtM,  Johnston  (1846)  first  employed 
the  name  for  the  entire  group.  At  the  present  time  it  is  a  matter  of  dis- 
pute whether  the  Nemertea  should  be  grouped  with  the  Plathelminthes  or 
be  given  an  independent  position.  The  modem  classification  is  due  princi- 
pally to  Hubrecht  and  Bui^er.  The  class  contains  over  400  species 
grouped  in  4  orders,  87  species  having  been  found  on  our  Pacific  and  62 
species  on  our  Atlantic  coast 

Key  to  the  orders  of  Nemertea: 

Oi  No  sncking  disc  present;  intestine  not  convoluted. 
hx  ProboflciB  without  stylets ;  mouth  behind  brain ;  intestinal  cecum  absent 
Cx  Muscular  walk  of  body  usually  in  2  layers;   eyes  usually  absent 

1.  Palbonemebtea 
<%  Muscular  walls  of  body  in  S  main  layers ;  eyes  usually  present. 

2.  Hjsteuun  emsbtea 
ht  Stylets  usually  present ;  mouth  in  front  of  brain ;  intestinal  csBCum 

usually  present 3.  Hoflonemebtea 

Of  Sucking  disc  present ;  intestine  convoluted 4.  Bdellonemebtba 

Obdeb   1.    PAZ20NEHEBTEA.    (Protonekertiki;   MESONEMEnmn.) 

Body  long  and  slender,  often  filiform;  mouth  usually  far  back,  being 
always  behind  the  brain;  proboscis  without  stylets;  cerebral  organ  and 
eyes  usually  absent;  body  wall  contains  two  muscle  layers,  an  outer 
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circular,  an  inner  longitudinal,  to  which  a  third,  an  inner  circular,  is 

sometimes  added;   lateral  nerves   either  external   to  the  muscles   or 

imbedded  in  the  longitudinal  layer;  cutis  absent:  4  families,  all  marine. 

Key  to  the  families  of  Pdleonemertea  here  described: 

Oi  Paired  intestinal  diyerticula  absent 1.  GABnnELLiDAS 

a.  Paired  intestinal  diverticula  present 2.  CEPHALOTBiCHmAS 

Family  1.    GABINELLIDAE. 

Cerebral  organs  represented  by  a  pair  of  lateral  epithelial  depres- 
sions; brain  and  lateral  nerves  lie  in  the  outer  epithelium  or  just 
beneath  it ;  mid-dorsal  blood  vessel  usually  absent ;  inner  circular  muscles 
encircling  the  proboscis  sheath  and  intestine  very  thick:  5  genera  and 
about  27  species. 

Cabhtella  Johnston.  Body  cylindrical  and  filiform,  with  the  head 
end  large  and  distinctly  set  off;  intestinal  diverticula  absent;  lateral 
sense  organs  usually  present  near  the  paired  excretory  pores,  consisting 
each  of  a  round  ciliated  depression :  16  species,  principally  on  the  Pacific 
coast. 

C.  pellncida*  Coe.  Body  very  small,  whitish  in  color,  up  to  25  mm. 
long  and  .5  mm.  thick:  not  uncommon  among  annelid  tubes  at  low  water 
and  below  in  Long  Island  and  Vineyard  Sounds;  California. 

Family  2.    GEPHALOTBICHIDAE. 

Body  long  and  very  slender,  usually  filiform;  cerebral  organ  and 
eyes  usually  absent;  mouth  behind  the  brain;  body  wall  contains  two 
muscle  layers,  an  outer  circular  and  an  inner  longitudinal,  with  the  brain 

and  longitudinal  nerves  lying  in  the  latter  layer:  2 
genera  and  about  12  species. 

1.  CxFHALOTHSix  Oersted.  Body  filiform,  taper- 
ing at  the  forward  end,  which  is  pointed;  no  excre- 
tory canals;  inner  circular  muscles  absent;  the  worm 
coils  the  body  in  a  spiral:  about  7  species. 

C.  linearis  (Rathke)   (Fig.  334).    Body  whitish, 
Oeo&MMm         yellowish,  or  flesh  color,  up  to  16  cm.  long  and  1  mm. 
linearis  (VotIU).      thick;  mouth  very  far  back;  proboscis  very  long  and 

slender:  Long  Island  Sound  to  Nova  Scotia;  Pacific 
coast;  Europe;  often  common  between  tide  lines,  under  stones  and  in 
the  sand;  breeds  in  August  at  Woods  Hole. 

2.  Oabivoma  Oudemans.  Body  rather  thick,  cylindrical  in  front, 
flattened  behind:  4  species. 

*  See  "Descriptions  of  Three  New  Species  of  New  England  Paleonemerteans,** 
by  W.  B.  Coe,  Trans.  Conn.  Acad.,  Vol.  8,  p.  916,  1886. 
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0.  tr«maplLoro6  C.  B.  Thompson.  Body  12  cm.  long,  3  mm.  thick, 
buff  in  color;  head  white,  flattened,  rounded  in  front:  Woods  Hole. 

Obdeb  2.    HETEBONEMEETEA.  (Schizokemebtea.) 

Body  often  very  long;  mouth  behind  brain;  proboscis  without 
stylets;  cerebral  organ  present;  a  caudal  cirrus  sometimes  present;  body 
wall  contains  three  muscle  layers  of  which  the  outer  is  longitudinal  and 
between  which  and  the  circular  muscles  are  the  lateral  nerves ;  cutis  well 
developed :  2  families  and  over  170  species. 

Family  LDTEIDAE. 

Body  usually  very  long,  but  in  some  species  relatively  short  and 
thick;  a  pair  of  conspicuous  lateral  sensory  grooves  usually  on  the  head; 
3  muscle  layers  in  proboscis;  the  outer  one  being  longitudinal;  cephalic 
gland  small  and  slender:  10  genera  and  about  150  species. 

Key  to  the  genera  of  Lineidae  here  described: 

Oi  Caudal  cirrus  not  present. 

5x  Lateral  sensory  grooves  wanting 1.  Pabapoxja 

h^  Lateral  sensory  grooves  present 2.  LlllEUs 

o.  Caudal  cirrus  present 

hi  Lateral  sensory  grooves  wanting 8.  Zygeufoiia 

h^  Lateral  sensory  grooves  present. 

Ci  Lateral  body  edges  not  thin ;  animals  cannot  swim 4.  Miobura 

c^  Lateral  body  edges  very  thin ;  animals  swim 5.  Cbbebbatxtlub 

1.  Paxapolxa  Coe.  Body  cylindrical  anteriorly,  flattened  poste- 
riorly; head  not  set  off  from  body;  without  sensory  grooves  on  the  head; 
eyes  not  present;  cerebral  organs  a  pair  of  fiat 

elevations:  1  species.  Bj    y| 

P.  anrantiaca  Coe.  Color  orange;  length  25 
cm.;  width  10  mm.;  thickness  4  mm.:  Vineyard 
Sound,  at  low-water  mark.  iLjy     J       ^ 

2.  LzvsvB  Sowerby.  Body  extremely  long  and 
filiform  or  tape-like  and  very  contractile;  head 
somewhat  wider  and  tapering  to  a  point;  usually 
with  eyes:  about  50  species;  cosmopolitan;  animals 
cannot  swim,  and  usually  twist  themselves  into  an 
irr^ular  mass. 

L.  ruber  (0.  F.  Miiller)  (L.  gesserensia  0.  F.  ^^"^  pj  ggg 
Miil.;  L.  viridia  Johnston)  (Fig.  335).  Body  ^'^T^Kih.omTB 
^lindrical;  color  very  variable,  being  green,  brown,  CTj^Je'***^"^***  lateral 
or  reddish ;  a  single  row  of  4  to  8  eyes  on  each  side 
of  head ;  20  cm.  or  more ;  width  6  mm. :  common  under  stones  in  shallow 
water  from  Long  Island  to  Greenland;  Alaska;  Europe;  breeds  in  June 
it  Woods  Hole. 
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L.  Bocialls  (Leidy).  Body  ver;  slender  and  flattened,  25  cm.  loi^ 
and  5  mm.  wide,  green  or  brown  in  color;  ventral  side  lighter  than  dor- 
sal ;  a  single  row  of  4  to  6  very  small  ejes  on  each  side  of  the  bead  and  a 
single  pair  of  larger  eyes  some  distance  in  front  of  the  others:  common 
from  New  Jersey  to  Bay  of  Fondy,  living  gregariously  under  stones, 
between  tide  lines;  breeds  in  mid-winter  in  Long  Island  Sound. 

L.  bicolor  Yerrill.  Body  small,  45  nun.  long,  1.5  mm.  wide,  cylin- 
drieal  but  somewhat  flattened,  dark  green  with  a  mid-doraal  yellowish 
stripe ;  with  a  single  row  of  8  to  14  eyes  on  each  side :  among  algae  and 
bydroide  in  shallow  water  in  Vineyard  and  Long  Island  Sounds;  very 
common  in  certain  localities. 

3.  ZTaBUFOUA  C.  B.  Thompson.    Body  cylindrical  anteriorly  and 
flattened  posteriorly;  head  very  long  and  pointed  and  without  lateral 
senaory  grooves;  caudal  cirrua 
present:  1  species. 

Z.  rnbens  (Coe)  {Z.  Utoralit 
C.  B.  Thorn.*).  Body  slender 
and  8  cm.  long;  bead  pure  white; 
body  whitish :  coast  of  New  Eng- 
land; southern  California;  on 
sand  flats  between  tide  lines. 

4.     HiOBimA      Ebrenbei^. 
Small,  flat,  and  Soft  nemerteans 
with  a  caudal  cirrus,  which  can- 
not swim ;  with  3  frontal  organs ; 
Fig.  S3T  often  with  many  eyes :  about  17 

species. 

H.  cnca  Verrill.  Body  dark 
brown  or  yellow;  10  cm.  long  and  2  mm.  wide;  no  eyes:  Long  Island  and 
Vineyard  Sonnds,  at  low- water  mark;  sexually  mature  in  July  and 
August  at  Woods  Hole. 

H.  leidTi  (Yerr.)  (Fig.  336).  Body  thick  anteriorly;  flattened  pos- 
teriorly; IS  om.  long  and  4.5  nun.  wide;  red  or  purple  dorsally,  usually 
with  a  lighter  median  line  and  lighter  ventrally;  proboscis  flesb  color: 
common  ^m  New  Jersey  to  Cape  Ann  in  the  sand  near  low-water  mark; 
breeds  in  mid-summer. 

G.  OESEBBAirni.iTB  Renier.  Body  long,  flat,  and  broad,  with  a  small 
pointed  head  and  thin  edges  well  adapted  for  swimming;  eyes  usually 
absent;  mouth  a  long  slit;  with  3  frontal  organs;  proboscis  very  long; 
a  caudal  cirrus  at  hinder  end:  over  60  species;  in  all  seas. 

tc.,  bj  C  B.  Tbompion,  Prctc.  Acad.  Mat  ScL,  PhOM^ 
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0.  lacteiu*  (Leidy)  (Fig.  337).  Body  2  m.  or  less  long  and  26  mm. 
wide;  extreme  length  up  to  6.5  m.;  flesh  color;  proboscis  white:  veiy 
common  in  the  sand  near  low-water  mark  from  Florida  to  Maine;  breeds 
from  March  to  May  in  Long  Island  Sound  and  in  Jnly  in  Casco  Bay. 

Obdeb  3.    HOPLONEMEETEA.   (Metansmebtinl) 

Body  often  very  long  and  slender,  bnt  in  many  forms  short  and 
thick;  month  in  front  of  the  brain,  osnally  coinciding  with  the  opening 
of  the  proboscis;  intestinal  osBcnm  present;  proboscis  provided  with 
stylets  (Fig.  333) ;  lateral  nerve  cords  internal  to  the  muscle  layers  of 
the  body  wall;  frontal  sense  organ  present:  9  families  and  more  than 
200  species,  which  live  in  the  sea,  in  fresh  water,  and  on  land;  a  few 
species  parasitic;  development  usually  direct. 

Key  to  the  families  of  Hoplonemertea  here  described: 

<H  Proboscis  does  not  reach  the  hinder  third  of  the  body.l.  BiiPLBOTOineicATiDAS 
0,  Proboscis  reaches  almost  to  the  hinder  end  of  body. 
hi  Four  eyes  asnally  present,  forming  a  quadrangle. 
Ci  Mostly  hermaphroditic;    long,  thin  worms,  some  terrestrial. 

2.  Pbosobhoohmidab 

c.  Unisexual  worms,  short  and  thick 4.  Pbostomatidas 

&9  ESyes  numerous 8.  Amphipobidas 

Familt  1.    EMPLEGTONEMATIDAE. 

Body  very  long  and  thin;  proboscis  short 
and  thick  and  with  a  single  main  stylet  of 
variable  form;  usually  with  very  small  eyes:  5 
genera  and  about  25  species. 

1.  ExPLEOTONXMA  Stimpson.  Mouth  and 
proboscis  openings  coincide;  usually  with  many 
eyes,  never  only  four;  accessory  stylets  pres- 
ent: 16  species. 

£.  gradle  (Johnston)  (Fig.  338).  Head 
end  wider  than  body  and  with  20  to  30  eyes  on 
each  side;  length  about  20  cul;  breadth  1.5 
mm.:  color  green;  stylets  slender  and  curved 
at  the  end :  very  common  on  Pacific  coast  north  w  netM  ffradle  (Coe). 
of  San  Francisco,  in  shallow  water;  Europe. 

2.  OABOmonsMEBTXSf  Coe.  Body  long  and  slender,  cylindrical, 
usually   not   coiled;   mouth  and  proboscis   coincide,   the   latter  being 

*  See  "On  the  Anatomy  of  a  Species  of  Nemertean  (Cerebratnlus  lacteus  Ver- 
riU)/*  by  W.  R.  Coe,  Trans.  Conn.  Acad.,  Vol.  9,  p.  470,  1S95.  '*The  Habits  and 
Early  Development  of  Cerebratnlus  lacteus,"  by  C.  B.  Wilson,  Qnart  Jour.  Micros. 
ScL,  VoL  43,  1900. 

t  See  "Nemertean  Paraoites  of  Crabs/'  by  W,  lU  Coe,  Am.  Nat,  VoL  86,  p.  481, 
1902. 
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rudimentaiy  and  without  accessory  stylets;  2  minute  eyes:  2  species; 
parasitic  on  crabs. 

0.  cardnophila  (Kolliker).  Body  15  nun.  long  when  immature^  and 
40  mm.  long  when  mature;  color  red:  on  Portumanus  (Platyomchus) 
ocellatus  of  the  New  England  coast  and  on  Carcinus  mmnas  and  other 
crabs  of  the  European  coast,  being  on  the  gills  when  immature  and  on 
the  ^ggs  when  mature. 

Family  2.    PBOSOBHOGHMIDAE. 

Body  long  and  thin,  but  rather  broad;  4  eyes  usually  present,  form- 
ing a  transverse  quadrangle:  3  genera  and  15  species;  marine  or 
terrestrial. 

Geovemebtsb  Semper.  Body  slender  and  long,  but  of  small  size; 
proboscis  as  long  as  the  body  with  a  central  and  2  or  4  accessory  stylets; 
hermaphroditic  or  unisexual,  viviparous  or  oviparous:  terrestrial,  occur- 
ring in  subtropical  islands,  or  imported  into  greenhouses;  usually  under 
stones  or  in  rotting  wood;  about  8  species. 

G.  agricola  (WillemcBS-Suhm).  Body  35  mm.  long  and  2  nmi.  wide, 
very  variable  in  color,  usually  milk  white,  brownish,  or  greenish; 
hermaphroditic  and  viviparous:  common  near  and  in  mangrove  swamps 
in  Bermuda. 

Family  3.    AMPHIPOBIDAE. 

Body  usually  relatively  short  and  thick;  intestinal  diverticula 
branched  and  usually  not  alternating  regularly  with  the  gonads;  pro- 
boscis with  a  single  central  stylet  with  a  conical  base  and  several  acces- 
sory stylets;  cerebral  organs  large;  usually  numerous  eyes:  3  genera 
and  over  70  species;  in  all  seas. 

Key  to  the  genexu  of  Amphiporidae : 

Oi  Proboscis  sheath  without  divertictila. 

hi  Eyes  extending  posteriorly  only  to  brain  region 1.  Amphipobus 

b.  Eyes  extending  posteriorly  behind  brain  region 2.  Zyoonemebtes 

Oa  Proboscis  sheath  with  a  small  number  of  ventral  diverticula.  .8.  Pboneubotes 

1.  AxFHiFOBire  Ehrenberg.  Usually  short  and  thick  and  very  con- 
tractile worms  which  cannot  swim  or  roll  up  spirally;  with  numerous 
eyes:  over  70  species,  including  almost  a  third  of  all  American 
nemerteans. 

Key  to  the  species  of  Amphiporidae  here  described: 

Oi  Body  yellow A.  ochbaceus 

Os  Body  white A.  impabispinosus 

01  Bod^  red ,.,,,.,., ^ ,.,.,.,,.,  p .,.,,.  .4.  a^oui^tus 
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Fig,  339 — Amphipo- 

rua  oohraceut 

(VerrlU). 


A.  ochracens  Yerrill  (Fig.  339).    Body  somewhat  flattened,  with  a 
somewhat  hroader  head;  yellowish  in  color;  7  em.  long  and  3  mm.  wide; 
eyes  converging  backwards:  common  between  tide  lines  and  beyond, 
under  stones,  etc.,  in  Long  Island  and  Vineyard 
Sounds;  breeds  in  May  and  June. 

A.  impaiispinosiis  Griffin.  Body  small,  25  to  50 
mm.  long;  slender,  slightly  flattened  posteriorly; 
white  in  color,  sometimes  with  a  reddish  or  yellowish 
tinge;  ocelli  in  two  groups  on  each  side,  converging 
anteriorly,  less  than  forty  in  number:  very  common 
between  tide  lines,  among  algae,  etc.,  on  entire 
Paeiflc  coast. 

A.  angnlatna  (O.  F.  Miiller).  Body  stout  with 
convex  back;  reddish  or  brownish  in  color;  15  cm. 
long  and  8  mm.  wide;  head  wider  and  set  off  from 
body,  white  in  front  with  white  spot  on  each  side 
and  an  H-shaped  figure  in  the  middle;  eyes  nu- 
merous: common  under  stones  between  tide  lines 
and  beyond,  from  Cape  Cod  to  Greenland;  Puget  Sound  and  north- 
wards. 

2.  Ztgovexebteb    Montgomery.    Body    long    and    slender;    head 

broader  than  neck,  with  two  pairs  of  lateral  oblique 
furrows;  ocelli  very  numerous,  extending  back  along 
the  sides  of  the  body :  3  species. 

Z.  virescens  (Yerrill)  (Fig.  340).  Body  slender 
and  rather  flat,  usually  light  green  in  color,  up  to  4 
cm.  long  and  1.5  mm.  wide;  eyes  numerous,  in  two  or 
three  parallel  lateral  rows  along  the  side  of  the  body : 
common  between  tide  lines  and  beyond  in  Long  Island 
and  Vineyard  Sounds;  California. 

3.  PBOKEiTEOTEa  Montgomery.  like  Atnphiporus, 
but  with  5  midventral  diverticula  in  the  proboscis 
sheath:  1  species. 

asyffonemerte9  P«  mnltiocnlatus  Mont.    Body  yellowish-brown  in 

(VerriU).  color  with  numerous  eyes  in  two  groups;  20  mm.  long 

B*,  forward  endl       &Q<1  3  mm.  wide :  New  Jersey  coast ;  between  tide  lines. 


Family  4.    TETBASTEMMIDAE. 

Body  flat  and  slender  or  short  and  stout;  4  eyes  usually  present; 
intestinal  diverticula  and  gonads  alternate  regularly;  cerebral  organs  in 
front  of  the  brain:  3  genera  and  about  75  species;  in  all  seas,  also  in 
fresh  water. 
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Key  to  the  geneiia  of  Tetrastemmidae: 

Oi  Marine  animals. 

hi  Body  rather  flat,  soft  in  api>earance 1.  Tbtbastbxica 

bs  Body  cylindrical,  rigid  in  appearance 3.  Oebstedia 

a,  Freah-water   animals 2.   Stighobtemma 

1.  Tetbastexka  Ehrenberg.  Body  smally  with  the  4  eyes  forming 
a  rectangle;  occasionally  each  eye  is  double  or  represented  by  a  groap; 
cephalic  gland  large;  mostly  unisexual,  occasionally  hermaphroditic:  over 
60  species. 

Key  to  the  species  of  Teirastemmidae  here  described: 

Oi  Body  slender, 
bi  Body  widest  at  forward  end,  tapering  to  hinder  end. 

Ci  Body  whitish T.  CAJ!n)WUU 

Oa  Body  more  or  less  spotted T.  VEBiacuLUic 

bs  Body  widest  in  the  middle  and  tapering  both  ways T.  elbqanb 

0*  Body  rather  stout  with  dorsal  stripes T.  viTTATnic 

T.  candidnm  (0.  F.  Miiller)  (Fig.  341).  Body  very  contractile  and 
slender,  white,  light  green,  or  yellowish  in  color,  2  cm.  long  and  .5  mm. 

wide;  head  wide;  hinder  end  tapering:  common  between 
tide  lines  and  beyond,  among  algae,  from  Long  Island 
Sound  to  Bay  of  Fundy;  Europe. 

T.  elegans  (Girard).  Body  slender,  tapering  from  the 
middle  both  ways;  back  with  a  median  yellow  and  2  lat- 
eral brown  stripes,  2  em.  long,  1  mm.  wide:  among  eel 
grass  and  on  stones  in  Long  Island  and  Vineyard  Sounds. 
T.  vermiculum  (Quatrefages).  Body  slender,  pale  yel- 
low or  reddish  in  color  and  more  or  less  spotted;  forward 
end  broader  than  the  hinder,  2  cm.  long,  1  mm.  wide: 
common  on  muddy  bottoms  between  tide  lines  in  Long 
Fig.  341  Island  and  Vineyard  Sounds;  Europe. 

^^iSSldJm*  T.  vlttatnm  (Verrill).    Body  rather  stout,  green  or 

(VerriU).  yellowish  in  color,  sometimes  with  1  or  2  dorsal  stripes, 
5  cm.  long,  4  mm.  wide:  common  on  muddy  bottoms  at  low-water  mark 
and  beyond  in  Long  Island  and  Vineyard  Sounds. 

2.  Stiohostxmxa*  Montgomery.  Similar  to  Tetraatemma  but  with 
3  pairs  of  eyes;  excretory  organs  extending  the  length  of  the  body:  7 
species,  in  fresh  water. 

S.  mbrum  (Leidy)  {S.  asensoriatum  Mont).  Body  slender,  18  mm. 
long,  yellow  or  reddish  in  color  and  very  transparent,  with  6,  rarely  4  or 
8,  eyes;  preoral  sense  pit  wanting;  cephalic  gland  weak;  hemaphroditie : 
Pennsylvania  and  Connecticut;  eastern  United  States. 

•  "The  Habits  and  Natural  History  of  Btlcbostenmia;'  by  C.  M.  ChUd,  Am.  Nat, 
Vol.  85, 1901. 
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S.  OsamtDU  Qnatrefages.  Bod;  cylindrical,  of  aimilar  form  at 
both  ends,  and  rigid;  4  eyes  fonnii^  a  quadrangle;  not  over  15  "im 
long:  4  species;  marine. 

0.  donalis  (AbUdgaard)  (Fig.  342).  Body  10  mm. 
long  and  very  slender;  color  variable,  mottled  with  green, 
red,  or  brown :  in  shallow  water  on  both  the  east  and  west 
eoaat  of  North  America  and  in  Europe,  very  common  on 
piles  luid  stones. 

Obdkb  4.    BDELLONIillEBTEA. 

Body  short,  flat,  thick,  and  broad,  with  a  lai^  sticker 
at  the  hinder  end;  intestine  without  diverticula  and  cod- 
Toluted;  proboscis  without  stylets,  its  opening  coinciding 
with  the  month  and  almost  as  loi^  as  the  body;  no  eyes 
or  cerebral  organ:  1  genus 
and  3  species,  living  commensally  in  the 
branchial  chamber  of  marine  and  fresh- 
water mollusks;  cosmopolitan. 

Ualaoobdblla  Blainville.   With  the 
characters  of  the  family:  3  species. 

H.  grossa  (O.  F.  Miiller)   (Fig.  343). 

Hinder  end  of  body  broader  than  forward 

end;  male  3  cm.  long  and  8  mm.  broad, 

A  B  g^"?  i°  color;  female  26  mm.  long  and  13 

FIk.  S43 — MalaeohdeJla groaia.      mm.  broad,  yellowish  Or  brownish  in  color: 

A,    enUre    worm    (VerrilO.       1.  .  '  ' 

BrobcttclB;    2.  moutb ;    3.  iDtes-  ui    Mva    arenarta,    Venus,    and    other    De- 
ne ;     4,    sgcker.      B,aec:tloD 

tbroogh  tbe  tamri  end   (Bdr-  lecypods,     on     both     sides    of     the     north 

Ker).     1,  montS;    2,  probMdR :  .   ,       . 

3,  proboadi  iheath.  Atlantic 
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Ronndworms.  Unsegmented,  round  worms,  usually  so  elongated 
and  sleuder  that  they  are  called  thread  or  hair  worms,  which  are  ento- 
parasites  in  animals  or  plants  or  lead  a  free  life  in  the  water  or  in  moist 
earth.  The  body  is  not  ciliated  and  ia  without  paired  appendages  and 
nsoaily  without  external  bristles,  hairs,  or  suckers.  With  a  very  few 
exceptions  all  are  unisexual 

The  subphylnm  contains  3  classes. 

■  See  "Tbe  Determination  ot  Generic  Trpes  end  t. 
and  Tbelr  Orlslnal  and  Type  Spedea,"  b;  C.  W.  8tll«i 
of  An.  Ind.,  Dept.  of  Ac,  ISOB. 
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Key  to  the  classes  of  Nematheltninthes : 

Oi  No  spiny  proboscis  at  forward  end ;  intestine  present 
5i  Mouth  and  intestine  not  degenerate  in  adult;    lateral  lines  present 

1.  Nematoda 
bi  Mouth  and  intestine  degenerate ;  lateral  lines  absent 2.  Gobdiagka 

Oa  Spiny  proboscis  present ;  no  intestine 3.  Acaivthoobphala 


Class  1.    NEMATODA.* 

Threadworms    (Fig.    344).    Round,    slender   worms,    nsuldly   white 
or  flesh  eolor  in   appearance,  which   vary  from  microscopic  size  to   a 

meter  in  lengfth.  The  integnment  consists  of  a  cuticnla 
which  is  usually  smooth  on  the  outer  surface  and  a  soft 
subcuticular  no  hypodermis  is  present,  but  the  subcuticula 
is  supposed  to  represent  it.  There  is  a  voluminous  body 
cavity  into  which  the  subcuticula  projects  along  the 
median  dorsal  and  ventral  and  the  two  lateral  lines, 
forming  thus  4  prominent  longitudinal  ridges.  In  the 
lateral  ridges  run  the  paired  excretory  canals,  which  open 
to  the  outside  by  a  pore  just  behind  the  mouth,  and  the 
lateral  nerve  cords;  and  in  the  dorsal  and  ventral  ridges 
are  also  nerve  cords.  Lying  next  the  subcuticula  is  a 
single  layer  of  characteristic,  longitudinal  muscle  fibers, 
no  circular  fibers  being  present.  The  nervous  system  con- 
sists of  a  nerve  ring  containing  ganglion  cells  which  sur- 
rounds the  oesophagus  and  a  number  of  longitudinal  nerves 
extending  both  forwards  and  backwards,  those  going  hack- 
wards  heing  joined  by  transverse  commissures.  The  only 
special  sense  organs  are  simple  eyes,  which  some  nema- 
todes possess,  and  also  sensory  papillae. 

The  body  cavity  is  without  mesenteries,  transverse 
septa,  or  peritoneal  lining  and  contains  blood.  Lying  in 
it  are  the  alimentary  canal  and  the  reproductive  organs. 
The  mouth  is  at  the  forward  end  of  the  body  and  may  be 
surrounded  by  sensory  lips  or  papillae,  and  armed  with 
chitinous  teeth.  The  (esophagus  is  a  muscular  sucking- 
organ  into  which  a  pair  of  long  glands  may  open;  its 
hinder  end  may  be  constricted,  causing  the  formation  of  one  or  two 
swollen  divisions,  called  cBSophageal  bulbs.  The  intestine  is  a  straight 
tube  which  passes  to  the  anus  near  the  hinder  end  of  the  body.    The 

*  See  "Monographie  der  Nematoden,"  by  A.  Schneider,  1866.  "Die  Sflsswasser- 
fauna  DeutBchlands/*  by  U  A.  JftgerskiOId  and  O.  von  Llnstow,  Heft  15,  1909.  "The 
Nematodes  Parasitic  in  the  AllmcDtary  Tract  of  Cattio,  Sheep,**  etc.,  by  B.  H.  Ran- 
som, Bull.  127,  Bur.  An.  Ind.,  1911. 
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animals  are,  with  a  few  exceptions,  nnisezual,  the  females  being  larger 
than  the  males,  with  a  genital  pore  near  the  middle  or  towards  the  for- 
ward end  of  the  body.  The  genital  organs  are  simply  formed  tubular 
structures.  In  the  male  the  testis  is  usually  a  single  tube  which 
communicates  with  the  rectum.  Anal  papillae  are  often  present;  long 
spicules  alsp_jiaiially^  project  from  the  anus  of  the  male  by  means  of 
which  it  attach^  itself  to  the  female;  in  the  StrongilUdae  and  other 
families  an  expansion  of  the  hinder  end  called  the  bursa  also  serves  the 
same  purpose.  The  spermatozoa  are  short  and  tailless.  In  the  female 
two  genital  tubes  are  present  which  meet  near  the  external  opening.  The 
distal  ends  of  these  are  ovaries  and  produce  the  eggs  while  the  proximal 
ends  act  as  uteri.  The  eggs  of  the  various  species  have  a  characteristic 
appearance  by  means  of  which  the  animals  may  be  identified  (Fig.  345). 
Many  nematodes  are  viviparous,  the 
young  animals  developing  in  the  uterus. 
Habits  and  Diatrtbution.—^  ematodes 
are  mostly  active  animals  which  move  by 
a  peculiar  whipping  motion  of  the  body. 
With  the  exception  of  certain  minute 
forms  which  lead  a  free  life  in  fresh      *  J*«f?>^—%fif«Pf^*?<>H*  *>«?»- 

todes   (from  Ward).     A,  Ancylos- 

and  salt  water  and  in  decaying  oi^nie     J®™*  duodenal© ;  b,  Necator  amer- 
matter,  they  are  internal  parasites  of     SsfkCSCrS^^ 
animals   and   plants,   being  among  the 

commonest  parasites  of  man  and  the  domestic  animals.  Like  most  para- 
sites, many  pass  through  a  metamorphosis  in  their  youth. and  may  live 
in  two  different  hosts. 

History.Some  of  the  commonest  nematodes  which  are  the  eause  of 
disease  in  man  and  his  domestic  animals  have  been  known  for  a  very  long 
time  and  were  much  studied  by  the  early  zoologists.  In  1808  Rudolphi 
created  the  orders  Nematoda  and  Acanthocephala,  and  in  1851  Yogt 
formed  a  class  of  these  two  orders  and  the  Gordiacea,  which  he  called  the 
Nematelmia.  The  most  active  investigators  of  nematodes  at  the  present 
time  in  this  countiy  are  the  United  States  Department  of  Agriculture  and 
the  Marine  Hospital  Service. 

The  class  contains  about  15  families  and  several  thousand  species. 

Key  to  the  families  of  Nematoda  here  described: 

«!  Mostly  non-parasitic  nematodes. 

hx  Marine  and  free-swimming  nematodes 1.     Ei^oixmAE 

&k  In  fresh  water  or  in  the  ground ;  a  few  parasitic  in  animals  and  plants. 

2.  Anguillulidab 
Os  Parasitic  nematodes. 

"bx  Parasitic  in  invertebrates ;  month  with  6  papillae 3.  Mebmiudae 

&B  Parasitic  in  vertebrates. 
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e^  Moath  not  nirronnded  by  3  promftieiit  lips. 
di  Body  very  long  and  filiform ;  4  pairs  of  papillae  aroond  the  anus  of 

male 4.  Filabodak 

(^  Anterior  part  of  body  with  a  very  long  and  characteristic  row  of  cells. 

5.  TBICHmELUDAX 

d^  Male  with  a  large  bell-Bhaped  bursa 6.  Stbdnqilidas 

€t  Month  surrounded  by  3  prominent  lips 7.  Asoartdae 

Faiolt  1.    ENOPLIDAE. 

Minute,  free-living  worms,  found  principally  in  the  sea,  but  also  in 
fresh  water  or  in  the  earth;  mouth  often  surrounded  by  hairs  and 
bristles;  ossophagus  without  bulb;  eyes  often  present;  male  with  spicules: 
numerous  species. 

1.  EvoPLVB  Dujardin.  Body  elongate,  tapering  behind;  euticula 
smooth;  mouth  with  6  papillae,  behind  which  is  a  circlet  of  10  to  12 
bristles:  numerous  species  in  both  salt  and  fresh  water. 

B.  brevia  Bastian.  Lives  among  algae  and  hydroids  in  shallow 
water;  often  greenish  in  color;  length  5  mm. 

2.  DoBYLAzmrs  Dujardin.  Large  worms;  euticula  smooth,  not 
ringed;  extreme  front  end  set  off  by  a  constriction;  mouth  with  papillae 
and  a  large  bristle:  numerous  species,  which  live  at  the  roots  of  plants 
in  moist  earth  and  water. 

D.  mazimiis  Biitsehli.    Length  7  mm.:  in  garden  earth. 

Family  2.    ANGTTILLITLIDAE^ 

Minute  worms  which  lead  a  free  life  in  water  or  earth  or  decaying 
snbstances,  or  are  parasitic  in  plants  or  (rarely)  in  animals;  month  with- 
out papillae;  oesophagus  with  2  bulbs;  male  with  2  spicules  and  some- 
times with  a  bursa:  numerous  genera  and  species. 

Key  to  the  genera  of  Anguillulidae  here  described: 

Oi  Free-living  worms,  in  soil  or  decaying  substances. 

\  Month  with  2  or  8  teeth 2.  Diflogasteb 

&a  Month  without  teeth. 

Ox  In  vinegar  or  paste 1.  Anouuxula 

Ct  In  the  earth  or  decaying  substances 3.  Rhabdhis 

Qg  Parasitic  worms. 

hi  Parasitic  in  plants ;  a  spine  in  the  mouth. 

Cx  In  the  roots  of  vegetables 4.  Hetebodeba. 

c.  In  wheat U.  Ttubnchus 

5b  Parasitic  in  animals. 

0|  In  the  bumble  bee 5.  SPHiEBULABiA 

Of  In  man 7.  Stbongtloidbs 

*  See  "Helmintbologlcal  Contribotions,"  No.  2,  by  J.  Leidy,  Free  Acad.  Nat.  8ci., 
Pbila.,  Vol.  5,  p.  224.  "Monograph  of  the  AngnilluUdae/'  by  H.  C.  Bastian,  Transact. 
Linn.  Soc,  London,  ToL  25,  1866.  *'0n  the  Family  AngnlUulldae/*  etc.,  by  J.  Leidy, 
Proc  A.  N.  8..  Ptalla.,  VoL  22,  p.  68,  1870. 
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Fig.  346 

Diplogaaiar  rivalia 

(SllBsw.  F.  Deut.). 

A,  whole  worm 

B,  head. 


1.  AvGnxxVLA  Ehrenberg.  Cutieula  smooth  and  ringed;  body  elon- 
gate, tapering  behind;  vulva  behind  the  middle;  spicnles  long;  no 
bursa:  several  species. 

A.  ac0ti  (O.  F.  Miiller).  Vinegar  eel.  Length  2 
mm.:  in  vinegar,  living  on  the  fungus  forming  the 
<< mother,"  also  in  stale  paste;  has  also  been  found  in 
the  human  bladder. 

2.  DzPLOOABTSB  M.  Schultze.  Body  elongate; 
enticula  ringed  and  often  ridged;  body  tapering  be- 
hind ;  mouth  with  2  or  3  teeth  and  often  with  papillae 
around  it;  male  with  or  without  bursa:  numerous 
species;  in  fresh  water,  earth,  and  decaying  sub- 
stances. 

D.  rivalifl  Leydig  (Fig.  346).     Length  2  mm.; 
hind  end  tapering  to  a  long,  fine  point;  mouth  sur- 
rounded by  a  membrane  around  which  are  6  short  bristles:  viviparous; 
common  in  ponds  and  streams. 

3.  Bhabditzb  Dujardin.  Minute  worms  living  in  decaying  sub- 
stances or  the  ground;  head  end  often  constricted: 
mouth  triangular,  usually  with  3  to  6  lips;  body 
slender,  ending  with  a  point;  male  with  2  short 
spicules:  many  species. 

B.  terxicola  Duj.  Body  without  distinct  rings,  1.4 
mm.  long;  mouth  cavity  long,  with  2  ring-shaped  thick- 
enings at  its  base:  common. 

4.  HxTEBODE&A  Schmidt.  Minute  worms  infecting 
the  roots  of  various  plants,  with  a  spine  in  the  mouth 
for  piercing  plant  tissues:  1  species. 

H.  schachU*  Schmidt  {H.  radicola  0.  F.  Miiller) 
(Fig.  347).  Male  1.5  mm.  long,  .045  mm.  thick;  female 
1  mm.  long  and  viviparous,  being  .5  mm.  thick  when 
full  of  young:  in  the  roots  of  various  vegetables  and 
other  cultivated  plants,  causing  swellings. 

5.  BvRMRTTLAEiA  Dufour.  Minute  worms,  free- 
living  and  parasitic;  male  with  a  bursa;  mouth  with  a 
tooth:  1  species. 

8.  bombi  Duf.  The  young  animals,  about  1  mm. 
long,  live  in  the  earth;  after  pairing,  the  fertilized 
females  migrate  into  the  body  of  a  hibernating  queen  bumblebee;  here 
the  uterus,  filled  with  growing  larvae,  evaginates  out  of  the  vulva  and 


FIff.  347 
Heterodera 
schachti 
(Stooe  and 
Smith). 
1,  pharynx ;  2, 
Intestloe;    H,  ex- 
cretory pore;    4, 
genital  pore  and 
anus;    o,   testes. 


*  See  "Nematode  Worms  in  the  Greenhouse,"  by  G.  E.  Stone  and  R.  B.  Smith, 
Dull.  No.  55,  Hatch  Bzp.  Sta.  of  Biass.,  Ag.  Col.,  1898. 
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grows  nntil  it  is  many  times  the  siee  of  the  rest  of  the  worm,  reaching 
a  length  of  15  nmu;  the  young  larvae  are  bom  in  the  bee. 

6.  Tylkhosvb  Bastian.  Cuticola  ringed;  body  tapering  to  a  point 
behind;  mouth  with  a  spine  for  piercing  plant  tissues;  vulva  much  back 
of  the  middle:  numerous  species,  which  are  parasitic  in  plants. 

T.  tritici  Bast.  Male  2  mm.,  female  4.5  mm.  long  and  spirally 
rolled  together;  color  yellowish:  in  wheat,  in  a  grain  of  which  several 
larvae  may  live;  when  the  wheat  is  sown  the  larvae  migrate  into  the 

young  plants  and  finally  become  mature  in  the  buds; 
the  eggs  are  laid  here  and  the  young  larvae  migrate 
into  the  ripening  grain  and  remain  there;  they  can  lie 
in  dried  wheat  for  years  without  dying. 

7.  Stbohotloxdeb  Orassi.  Minute  worms  with 
heterogony,  a  non-parasitic,  unisexual  generation  alter- 
nating with  an  hermaphroditic  parasitic  generation,  the 
former  having  a  very  long  cylindrical  oesophagus,  the 
latter  with  a  short  oesophagus  with  a  bulb;  no  teeth 
and  2  spicules  present:  1  species. 

8.  stercoraUs*  (Bavay)  (Fig.  348).  Hermaphro- 
ditic form  {S.  intestinalis  Bavay)  2.2  mm.  long  and 
.034  mm.  wide,  with  an  oesophagus  a  quarter  as  long  as 
the  body;  vulva  in  the  hinder  part  of  the  body:  it  lives 
in  the  human  intestine  and  causes  Cochin  China  diar- 
rhoea, having  been  first  observed  in  that  country;  a  few  large  eggs  are 
produced,  from  which  hatch  rhabditiform  larvae,  which  are  about  .3  mm. 
long;  they  pass  out  with  the  feces  and  develop  into  the  unisexual  form,  of 
which  the  male  is  .7  mm.  and  the  female  is  about  1  mm.  long,  and  which 
lead  a  free  life;  from  their  eggs  the  parasitic  generation  develops;  in 
this  country  and  Europe  only  the  parasitic  generation  is  known. 


Biff.  848 

Btrongyloidea 

stercoralit 

(Braan). 
A,  nermaphro- 

ditlc  form 

B,  lanra. 


Family  3.    MEBMITIDAE. 

Hairworms.  Body  long  and  filiform;  mouth  with  6  papillae;  adults 
without  anus;  hinder  part  of  the  intestine  solid;  male  with  2  spicules 
and  3  rows  of  papillae:  the  young  animals  live  in  the  body  cavity  of 
insects,  especially  caterpillars,  grasshoppers,  and  beetles,  and  occasion- 
ally spiders  and  snails  or  crayfish,  from  which  they  migrate  into  the  ground 
or  the  water;  here  they  become  mature  and  lay  their  eggs;  1  genus. 

MsKKiBt  Dujardin.  With  the  characters  of  the  family:  several 
species. 

*  See  "Occurrence  of  Strongyloides  Intestinalis  in  the  United  States,"  by  M.  Lb 
Price,  The  Joor.  of  the  Am.  Med.  Assc,  Vol.  41,  1903. 

t  See  "ObservatioDs/*  etc.,  by  J.  Leldy,  Proc.  A.  N.  S.,  Phila.,  Vol.  5,  p.  202, 
"A  Synopsis  of  Bntoioa,*'  etc.,  by  same.    Ibid.,  VoL  8, 1856,  p.  42. 
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H.  nigreaoeiiB  Duj.  (Fig.  349).  Body  12  cm.  long,  .5  mm.  thick, 
attenuated  aateriorly  and  blunt  behind;  color  white,  with  the  black 
ovary  showing  through;  the  young  worma  migrate  on  warm 
summer  days  from  the  body  of  their  hosts,  often  in  large 
numbers,  into  the  moist  earth,  causing  a  belief  that  they 
have  rained  down. 


Family  4.    FTTiARIIDAE.* 


Fig.  849 


Body  very  long  and  filiform ;  mouth  often  surrounded        o^mw.  f. 
by  papillae  or  by  2  lips;  no  cssophageal  bulb;  male  with  1  ^ 

spicule  or  with  2  of  unequal  size  and  with  a  spiral  twist 
of  the  hinder  end;  usually  viviparous:  several  genera. 
Ttlabia  0.  F.  Miiller,  Vulva  towards  the  forward 
end;  male  with  2  spicules,  and  much  smaller  than  the 
female:  numerous  species,  which  live  in  man  and  other 
vertebifttes  as  final  hosts,  and  probably  in  insects  or  crusta- 
ceans as  intermediate  hosts;  Leidy  mentions  over  30  species 
in  this  country. 

F.  immitisf  Leidy  (Fig.  350).   Length  of  male  18  cm.; 

thickness  .9  mm.,  with  a  corkscrew  hinder  end;  length  of 

111  female  30  cm. ;  thickness  1.3  mm. :  in  the  heart  and  veins  of 

f   VJ  ^^  ^^^'  ^^  '^  '^^^™'  ^^^^  larvae  appearing  in  the  blood, 

especially  in  the  nig^t  time ;  the  larvae  are  transferred  from 
one  dog  to  another  by  mosquitoes;  very  common  in  China 
and  Japan,  and  occurring  in  America  and  Europe ;  it  some- 
times infects  man. 
P.  bancrofti  Cobbold  (Fig.  351).  Male 
4  cm.  long,  .1  mm.  thick  and  colorless; 
female  8  cm.  long,  .28  mm.  thick  and 
brownish  in  color:  in  the  heart  and  lymph 
vessels  of  man  in  the  tropi<»,  also  in  the 
southern  United  States,  the  .3  mm.  long 
larvae  appearing  in  the  blood,  but  in  the 
surface  circulation  only  at  night ;  the  larvae 
are  transferred  from  one  person  to  an- 
other by  mosquitoes;  one  of  the  causes  of 
elephantiasis. 

F.  loa  (Cob.).  Male  30  mm.  long,  .4  mm.  thick,  with  8  large  cir- 
cumanal papillae;  female  41  mm.  long  and  .5  mm.  thick;  body  with 

*  Gee  "The  Zoological  Characters  of  the  Roundworm  Genus  Fllarla/'  etc.,  bj 
C.  W.  Stiles*  Bull.  84,  Hygienic  Lab.,  etc.,  1907. 

t  See  "Notices  of  Nematoid  Worms/'  by  J.  Leidy,  Proc.  A.  N.  8.,  Phila.,  1886» 
p.  308. 


Ffg.  350 

FUoria 

immitia 

(from  Braon). 

A,  male 

B,  female. 


Fig.     351 — FHaria     hanorofii 

(from    Braun),    showing 

several  worms  among 

blood  corpuscles. 
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numerous  small  protuberances^  irregularly  distributed:  beneath  the  con- 
junctiva of  the  eye,  in  the  eyelid,  or  in  the  subcutaneous  tissue  of  other 
parts  of  the  body  in  man;  on  the  west  coast  of  Africa  and  occasionally 
in  America  and  Europe. 

r.  medinenBifl  (L.).  Medina  or  Guinea  worm.  Length  of  female 
2  m.  or  less;  thickness  1.7  mm.;  color  white  or  yellowish;  intestine 
atrophied;  male  not  known:  in  the  subcutaneous  tissue  of  man,  espe- 
cially in  the  legs,  also  in  domestic  animals,  producing  a  sore  which 
breaks  to  the  outside,  freeing  the  embryos;  the  young  are  found  in 
Cyclops  and  are  probably  conveyed  with  drinking  water  into  the  human 
body;  in  Africa  and  other  tropical  countries,  and  supposed  to  be  the 
'fuming  fiezy  serpents''  which  troubled  the  children  of  Israel  in  the 

desert 

Family  5.    TBICHINEIiLIDAE. 

Elongated  worms  with  the  forward  portion  attoiuated,  often  ex- 
tremely so;  mouth  without  papillae  or  teeth;  cssophagns  slender,  without 
bulb,  and  very  long,  in  some  cases  being  half  as  long  as  the  body,  and 
situated  beneath  a  very  characteristic  row  of  conspicuously  large  cells; 
male  with  1  spicule  or  none;  female  with  but  1  ovazy:  3  genera  and 
numerous  species,  all  internal  parasites. 

Key  to  the  genera  of  Trkhinellidae : 

<H  Forward  portion  very  slender ;  whip  worms 1.  Tbichuris 

o.  Forward  portion  not  whip-like. 

6i  Male  without  spicule 2.  Tbichinella 

6,  Male  with  spicule '. 8.  Tbichosoma 

1.  Tbiohitrzb  Roederer  (Trichocephaltia  Gk>eze). 

A     \  CT  ^   9      Body  made  up  of  2  portions,  a  very  slender  forward 

^  portion,  containing  the  oBSophagus,  and  a  thick  hinder 

portion,  containing  the  reproductive  organs;  hinder 


"  end  of  male  rolled  up  and  with  spicule;  vulva  at  the 

^"^  forward  end  of  the  thick  portion:  in  the  lai^  intes- 

tine, especially  the  ccecum,  of  mammals;  developmmt 
direct,  infection  resulting  from  swallowing  the  eggs; 

Fig.  852  ^ 

Tfiohuris  tricUwra        1  species. 

A,  female  ;'^''inaie,  T.  tricfainra*   (L.)    {TfichocephdiMS  dispar  Bu- 

%nd  Imbedded  in         dolphi)  (Fig.  352).    Whip  worm.    Male  45  mm.  long; 

macousmem-  female  50  mm.  long;  eggs  (Fig.  345,  E)  ellipsoid,  .05 

mm.  long  and  .023  mm.  thick :  in  man,  cosmopolitan ; 

perhaps  the  commonest  intestinal  parasite  in  man  and  often  the  indirect 

cause  of  appendicitis  and  typhoid  fever. 

•  See  *'A  Statistical  Study  of  tbe  Prevalence  of  Intestinal  Worms  in  Man,**  by 
C.  W.  Stiles  and  P.  B.  Garrison,  Bull.  No.  28  of  Hygienic  Lab.,  1906. 
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2.  Tkiohivxixa  Railliet  (Trichina  Owen).  Minute  wonns,  with  the 
forward  portion  not  much  slenderer  than  the  hinder;  male  without  spio- 
ole  bnt  with  2  conical  projections  at  binder  end;  viviparona;  anas 
terminal:  1  species. 

T.  spinUa*  (Owen)  (Fig.  353).  Uale  1.6  mm.  long;  female  3.6  mm. 
long;  young  bom  alive:  in  the  small  intestine  of  man,  the  pig,  rat,  and 
other  animals.  The  young  worms,  which  are  ahout  J.  mm.  long,  are  the 
eanse  of  trichinosis.  They  bore  their  way 
through  the  intestinal  wall  of  the  host  and 
migrate  in  the  blood  and  lymph  to  the  muscles, 
where  they  encyst  themselves  and  frequently 
BO  lame  the  muscles  of  the  jaws,  neck,  and 
thorax  that  their  functioning  is  interfered  with 
and  death  may  ensue.  If  meat  containing  the 
cysts  be  eaten  by  another  animal  or  a  person 
the  worm  is  released  and  passing  into  the  in- 
testine quickly  becomes  mature.  Man  gets  the 
infection  by  eating  insufQciently  cooked  pork 
containing  the  cysts;  the  pig  gets  it  by  eating 
offal  or  rats.  The  rat  is  supposed  to  be  the 
original  host  of  the  worm. 

3.  Tbiohoboka  Bndolphi  Body  hair-like, 
the  forward  portion  not  much  slenderer  than 
the  hinder;  usually  a  single  spicule  present: 
in  birds  and  mammals;  numerous  species. 

T.  **""'«^'n"W   Diesing.    Male  10  ] 
long;   female  17  nun.  long:  in  duodenum  of 
the  pigeons. 

T.  craadcaodion  Bellii^bam.  Female  17  nun.  long;  forward  end 
Tonnded  and  with  small  protuberances  back  as  far  as  the  vulva;  male 
2.5  mm.  long,  without  spicule,  and  lies  often  in  the  female  vnlva:  in  the 
liver  and  other  organs  of  the  rat. 


Fig,  ma—TrleMntitta  tp*- 
M»  (from  RatiBOm).  A, 
male  ;  B,  mBle  :  C,  a  piece 
'  pork  coDtBlalne  cyiU ; 
_  ,  sn  eDl£.raed  ejA,  1,  fe- 
male genital  pore ;    2.  em- 


Faiolt  6.    STBONOYLEDAE. 


Mouth  surrounded  by  several  papillae;  no  ceeophageal  bulb;  hinder 
end  of  male  expanded  to  form  a  broad  borsa  (Fig.  355,  B),  also  with 
1  or  2  spicules:  nnmerous  genera  and  species  which  live  in  the  intestine, 
Imiga  and  other  organs  of  vertebrates,  especially  mammals. 


■  hj  C.  W.  Stll«a,  Boll.  No. 


>,  Bnreta  of  An, 


222  NEMATHELMINTHES 

Key  to  the  genera  of  Strongylidae  here  described : 

Oi  Bona  well  developed. 

ht  Bursa  without  ribs ;  1  spicule 1.  Dioctophymb 

h^  Bursa  with  ribs;  2  spicules. 
Oi  Mouth  small,  without  teeth. 

di  Male  and  female  not  permanently  attached 2.  Dicttooaui.U8 

da  Male  and  female  permanently  joined  together 3.  Stuqamub 

Ca  Mouth  large,  with  teeth. 
di  Without  oral  glands. 

ei  Without  ventral  teeth  but  with  cutting  plates 4.  Nbcatob 

ei  With  ventral  teeth 5.  Anchti/>btoma 

d.  Two  long  oral  glands 6.  Stbongylus 

Oi  Bursa  small ;  in  fishes 7.  GucuLLAiruB 

L  DxoOTOPKTliE  Collet  {Euatrongulus  Diesing).  Large  worms  with 
6  prominent  oral  papillae;  bursa  without  ribs;  1  spicule  present;  vulva 
near  forward  end:  1  species. 

D.  renale  (Goeze)  {D.  gigas  Rudolphi)  (Fig.  364).  Body  generally 
blood  red;  male  40  cm.  long  or  less  and  6  mm.  thick;  female  1  m.  long  or 

less,  and  12  mm.  thick;  egg  (Fig.  345,  A)  ovoid,  brown, 
and  about  .068  mm.  by  .04  mm. :  in  the  kidney  of  the  dog 
and  other  domestic  animab  as  well  as  rarely  in  man. 

2.  DzOTTOOATrLTre  Railliet  and  Henry.  Mouth  with  6 
small  papillae,  bursa  large  with  ribs  and  two  spicules; 
female  genital  pore  behind  the  middle:  many  species. 

D.  filaria  (Rudolphi).    Body  white  and  thread-like, 
from  3  to  10  cm.  in  length;  egg  about  .12  mm.  by  .06  mm.: 
*  in  the  bronchi  of  sheep  and  goats,  causing  often  a  dan- 
gerous bronchitis. 
Fie  354  ^*  ^^^^'^^   (Leuckart).     Body  brown  and  thread- 

Diootophime      ^^^9  from  18  to  35  mm.  long;  egg  about  J.  mm.  by  .06 
{trom^wlrd),     nim.:  in  the  bronchi  and  lungs  of  sheep  and  goats,  causing 

often  pneumonia. 
S.  STVOAmrs   von    Siebold.    Male   permanently   attached   by   the 
bursa  to  the  vulva  of  the  much  larger  female,  which  is  forward  of  the 
middle,  forming  together  a  Y-shaped  object;  bursa  ribbed:  1  species. 

8.  txachealis  v.  Sieb.  Body  red;  male  6  mm.  long;  female  20  mm. 
long:  in  the  trachea  of  fowls,  causing  gapes. 

4.  NXOATOB  Stiles.  Head  end  narrower  than  body  and  curved 
dorsally;  mouth  large,  opening  obliquely  into  a  chitinons  buccal  capsule, 
the  dorsal  portion  of  which  is  shorter  than  the  ventral;  buccal  cavity 
has  ventrally  a  pair  of  prominent  semilunar  catting  plates  or  lips  and 
dorsally  a  pair  of  smaller  lips  and  a  conical  tooth  projecting  into  it;  a 
large  bursa  with  2  long,  barbed  spicules :  2  species,  in  man  and  anthropoid 
apes. 
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N.  unaricaniu*  (Stiles).  American  hookworm  (Fig.  365).  Male  9 
mm.  long;  female  11  mm.  long;  Tolva  in  forward  half  of  body;  e^is 
(Fig.  345, B)  about  .07  mm.  long  by  .038  mm.  broad:  in  the  small  intea- 
tioe  of  man  and  the  gorilla,  where  it  moves  abont  sucking  blood,  i 


Tlf.  360 — Neeator  amerioaniu.    A,  dorul  Tiew  of  bead,  sbowlng; 
(LiOou)  ;    B,  hinder  end  Ol  male,  abowtng  bnna  I 
1,  ventral  cnttiiis  lips. 

often  a  severe  Knemia;  very  common  in  the  South  among  the  poorer 
classes;  the  eggs  pass  out  with  the  feces,  the  young  norms  living  in  the 
moist  earth;  infection  may  be  got  by  drinking  infected  water,  by  eating 
infected  substances,  and  even  as  the  result  of  the  migration  of  the  young 
worms  through  the  skin  of  feet  or  bands. 

6.  Ahohtlobioica  Dubini.    Similar  to  Neca^ 
tor  but  with  head  end  not  narrower  than  body  I 

and  with  2  pairs  of  large  ventral-curved  teeth 
and  a  pair  of  dorsal  teeth  in  place  of  the  cutting 
plates,  directed  forwards;  vulva  in  hinder  half  of 
body:  5  species. 

A.  dnodenale  Dub.  (Figs  345,  A,  and  356). 
Old  World  hookworm.    Length  of  male  9  mm.;  ^^^  ^^ 

of  female  12  mm.:  in  man,  in  £nrope  and  Asia,     Anohviottoma duodma^ 

'  ^  '       — dorsal  view  or  beaa» 

occasionally  in  America.  "'"ra'Saf^tiu^^'**' 

A.  cutitmu  (Ercolani).    Similar  to  the  above 
but  somewhat  lai^er ;  common  in  d(^  and  cats  and  often  fatal  to  young 
animals. 

6.  SrsOKaTLVa  0.  F.  Miiller.  Similar  to  Anchylogtoma  but  with 
two  long  ^ande  opening  into  the  mouth,  around  which  are  small  flat 
qmies:  numerons  species. 

■  See  "Report  npoD  tbe  Prevalence  and  GaoSTaphlc  DUtrlbntloa  of  tbe  Hook- 
worm tn«eue  In  tbe  tJnltea  Btates,"  b;  C.  W.  Stiles,  Ball.  No.  10,  Hrftenlc  Lab., 
Treas.  Dept.,  IMS.  "tlndnarUals  In  tbe  BoDtb,"  b;  C.  A.  Smltb,  Tbe  JODt.  of  tbs 
Am.  Hed.  Ano.,  Vol.  41,  p.  709,  1903.  "Tbe  Anatomy  aod  lAtt  BlRtory,"  etc.,  t>;  A. 
Loom,  Becords  ot  Sebool  ol  Uti.,  Cairo,  1911. 
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S.  equlniiB  Miill.  The  armed  palisade  worm.  Male  20  to  30  mm. 
long;  female  23  to  55  mm.  long,  2  mm.  thick;  body  red  or  brown,  strai^t 
and  rigid;  mouth  with  small  teeth;  egg  .09  by  .05  nmi. :  common  in  the 
cecum  or  colon  of  the  horse,  causing  colic;  the  young  worms  live  in 
water  and  moist  earth  and  pass  directly  in  drinking  water  into  the 
horse;  they  are  also  found  in  the  abdominal  arteries  where  they  cause 
aneurisms. 

7.  OxromxAHxre  0.  F.  Miiller.  Small  worms  with  2  lateral  chitinous 
plates  on  the  head  and  with  rudimentary  bursa;  mouth  ridged  longi- 
tudinally; male  with  a  spicule;  vulva  in  the  middle  of  the  body:  several 
species. 

0.  elegans  Zeder.  Male  8  mm*  long;  female  13  mm.  long;  body 
yellowish  or  reddish;  mouth  with  6  papillae:  in  the  intestine  of  the 
perch  and  other  fish. 

Family  7.    ASGABIDAE. 

Body  often  rather  stout  and  large;  mouth  surrounded  by  3  promi- 
nent lips,  1  dorsal  and  2  ventral;  oesophagus  with  1  or  2  bulbs;  hinder 
end  of  male  spirally  curved  and  usually  1  or  2  spicules  project  from  the 
anus:  several  hundred  species,  almost  all  intestinal  parasites  in 
vertebrates. 

Key  to  the  genera  of  Ascaridae  here  described : 

Ox  Large  nematodes  with  promhient  lips 1.  Ascabis 

a.  Small  nematodes  with  usually  small  lips. 

\  Male  with  a  sucker  before  the  anus 3.  Heterakib 

&a  No  sucker  present 2.  Oxyubis 

1.  Aboabib  L.  Large  worms  in  which  the  3  lips  are  set  off  by  a 
constriction,  forming  a  distinct  knob  at  the  front  end  of  the  body; 

oesophagus  without  distinct  bulb;   male  with  2 

I  (f^     ^31^       equal  spicules  and  numerous  ventral  caudal  papil- 
r\\  \        I      lao '-  several  hundred  species,  which  live  in  the 

II  1 1    , ,    I      intestines  of  birds  and  mammals. 
^         ^  A.  Inmbricoides  L.  Eel  worm  (Fig.  357).  Male 

^^SS/e^TFiirBSiSiT  15  to  25  cm.  long,  3  mm.  thick;  female  20  to  40 
b;  di?Sff  ^et^of  froSi  «^-  1^"?^  5  mm.  thick;  f^^  (Fig.  345,  C)  brown, 
^ii  end?°^^  ^*®^  ^'      ^^*^   roughened  surface,  about  .06  mm.  by   .05 

mm.;  body  with  the  appearance  of  an  earth 
worm:  in  the  small  intestine  of  man  and  domestic  animals,  sometimes  in 
considerable  numbers,  especially  in  children,  when  they  are  dangerous 
parasites;  occasionally  found  in  the  liver,  trachea,  and  other  organs; 
development  direct,  the  eggs  pass  out  with  the  feces,  and  the  young 
larvae  develop  in  water  or  moist  earth ;  infection  is  got  in  drinking  water 
or  from  the  ground  or  from  the  skin  of  raw  fruits. 
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Fiff.  858 
Aacaria  oania. 
Cross   section 
showing     fins 
(from  Sraun). 


A.  oqnomm  Goeze  {A.  megdlocephala  Cloquet).    Maw  worm.    Length 
15  to  37  em. ;  thickness  8  to  12  mm.  -,  eggs  spherical,  .1  mm.  in  diameter : 
in  the  small  intestine  of  the  horse,  often  in  large  num- 
bers, when  it  is  a  dangerous  parasite. 

A.  cauls  (Werner)  (A.  mystax  Zeder)  {Fig,  358). 
Male  6  cm.  long,  1  mm.  thick;  female  18  cm.  long;  a 
pair  of  fin-like  projections  on  the  sides  of  the  head; 
eggs  (Fig.  345,  D)  almost  spherical,  about  .07  mm.  in 
diameter:  in  the  intestine  of  cats  and  dogs,  usually 
common,  occasionally  in  man;  development  direct. 

2.  OxTinus  Rudolphi.    Small  worms  in  which  the  3  lips  are  more 
or  less  indistinct;  cesophagus  long,  with  set  bulb  followed  by  a  dilated 

portion ;  hinder  end  of  male  very  short  with  but  1  spic- 
ule; vulva  in  forward  half;  hinder  end  of  female  taper- 
ing to  ft  sharp  point:  about  15  species;  in  the  large 
intestine  of  vertebrates,  also  in  certain  insects. 

O.  yermicnlaris  (L.).  Pin  worm  (Fig.  359).  Female 
10  mm.  long;  .6  mm.  thick;  male  4  mm.  long;  a  dorsal 
and  a  ventral  cuticular  projection  on  the  head;  egg 
(Fig.  345,  F)  .05  mm.  by  .02  nmL:  in  the  large  intes- 
tine, abo  occasionally  in  other  parts  of  the  digestive 
tract  of  man,  especially  of  children;  often  the  indirect 
cause  of  appendicitis;  development  direct,  the  eggs  of 
the  females  being  taken  in  with  drinking  water  or 
directly  from  the  hands. 

3.  Hetzbakzs  Dujardin.  Lips  as  in  Aacaria;  male 
with  a  large  sucker  surrounded  by  4  papillae  before 
the  anus  and  2  lateral  thickenings;  oral  papillae  small: 
numerous  species. 

H.  vescnlaris  Froehlich.    Length  7  to  15  mm.;  tail 
of  male  with  5  preanal  and  7  postanal  papillae ;  no  teeth 
in  mouth :  in  the  large  intestine  of  chickens  and  ducks. 
H.  brevicavda  (Zeder).    Length  5  mm.;  mouth  surrounded  by  10 
papillae:  in  the  intestine  of  frogs  and  toads. 


Fls.359 
Omyuris 
rmicul 


\lari9 

(fromBraiin). 

A.  female 

B,  male. 

1,  oHoptaaffas 

2,Tnlya;  3,  anna. 


Class  2.    OORDIACEA.* 


Hair  worms.    Long  and  very  slender  worms  of  the  same  diameter 
throughout  and  never  sharply  pointed  behind,  which  are  sometimes  found 

•  See  "The  Oordiacea  of  Certain  American  Collections/'  by  T.  H.  Montgomery, 
BnlL  Mas.  Comp.  Zool.,  Harvard,  Vol.  82,  1898.  Ibid.,  by  the  same,  Pt.  2,  Proc. 
CaL  Acad.  C.  ScL,  8rd  Ser.,  Vol.  1,  1898.  "Synopsis  ot  the  Gordlacea,"  by  the  same^ 
Am.  Nat.,  Vol.  88,  p.  647, 1899. 
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wriggling  actively  in  fresh-water  ponds  and  ditches,  and  look  mneh  like 
thick  horsehairs.  Sometimes  a  number  are  found  in  a  tangled  mass,  a 
feature  which  suggested  the  name  of  the  typical  genus.  As  larvae  the 
worms  live  in  the  body  cavity  of  insects,  whence  they  migrate  into  the 
water,  their  sudden  appearance  often  giving  rise  to  the  common  belief 
that  they  are  metamorphosed  horsehairs. 

The  int^ument  consists  of  a  thick  cuticula  and  a  hypodermis,  the 
latter  being  a  single-layered  epithelium  and  very  different  from  the  sub- 
cuticula  of  nematodes.  Beneath  the  integument  is  a  muscle  layer  consist- 
ing of  a  single  layer  of  longitudinal  muscle  cells.  The  body  cavity  is 
lined  with  a  peritoneum  and  traversed  by  dorsoventral  mesenteries  and 
is  nearly  filled  with  a  mass  of  connective  tissue  cells  forming  a  sort  of 
parenchyma.  The  mouth  and  oesophagus  in  adults  )are  closed  and  the 
intestine  is  a  straight  tube  proceeding  to  the  anus  at  the  hinder  end  of 
the  body.  Special  respiratory,  circulatory,  and  ezcretoiy  organs  are 
absent 

The  nervous  system  consists  of  a  nerve  ring  round  the  CMophagus 
with  two  dorsal  swellings  and  a  median  ventral  cord.    The  sense  organs 

are  a  pair  of  eyes  and  numerous  tactile  bristles.  The 
sexes  are  separate;  two  testes  and  two  ovaries  are 
present  and  in  both  sexes  the  reproductive  organs  open 
to  the  outside  through  the  anus. 

The  eggs  are  laid  in  long  strings  in  the  water,  the 
OoSSi^UirrB.  l^i^gth  of  one  observed  by  Leidy  being  91  inches,  and 
^i^t).^'  containing  6  million  eggs.  The  young  larvae  (Fig. 
360),  after  hatching,  seeks  some  aquatic  insect  larva 
into  which  it  bores  its  way  by  means,  of  bristles  on  the  head.  It  remains 
here  in  the  muscles  or  fat  body  until  the  insect  is  eaten  by  some  ottier 
water  insect  or  fish  or  has  completed  its  larval  life  and  left  the  water  as 
an  adult  If  in  the  latter  case  the  host  is  eaten  by  a  predaceous  beetle 
the  larval  worm  may  pass  into  its  second  larval  stage  in  its  body  cavity, 
or  in  ft  grasshopper  or  other  insect  if  the  first  host  dies  and  the  young 
larva  falls  upon  the  ground.  In  its  second  host  the  worm  grows  rapidly 
and  assumes  the  long  hair-like  form  of  the  adult,  and  finally  breaks  its 
way  through  the  body  wall  of  its  host  and  falls  into  the  water  or  is  swept 
there  by  the  rain,  where  it  becomes  mature. 

The  class  contains  2  families  and  about  15  American  species.  The 
second  of  these  families  is  very  different  from  the  first  and  its  relationfibips 
are  rather  obscure. 

Key  to  the  families  of  GorcUacea: 

Oi  Fresh-water  and  terrestrial  worms ^  .^. .  • . * 1.  GoBDnoiAX 

Hi  Marine  worms 2.  NBOTONSMAxnuji 
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Pajclt  1.    OOBDIIDAE. 

Tnth  Qw  characters  of  the  order :  4  genera. 
Key  to  the  genera  of  Gordiidae  here  described : 
a.  Hinder  end  bilobed  or  trllobed. 
6i  Hioder  end  bilobed  and  rolled  spirttll;. 

<\  Head  end  not  obliqnel;  tmucated 1.  GOBotUS   (male) 

o.  Head  end  obliquely  truncated 2.  Pabaoobihiib  (male) 

Bi  Hinder  end  trilobed 2.  Pabaoobdids  (female) 

Of  Hinder  end  not  forked. 

t.  Binder  end  rolled  aplrall; 3.  CHOBomu  (male) 

tf  Hinder  end  not  rolled  spirally. 

Ot  Hinder  end  not  iwoUen 1.  GoncrcB  (female) 

e.  Hinder  end  nfollen  and  kuob-Ilke 3.  Ghobdodes  (female) 

1.  GoBOnrB  L.  Hair  worms  with  a  forked  and  spirallj  rolled  tail 
and  often  a  V-shaped  ridge  behind  tiie  anus  in  the  male,  and  a  straight, 
nnf orited  tail  in  the  female :  about  10  species. 

a.  aiiiiaticnB  L.  (G.  rohwtw  Leidy)  (Fig.  361).  Length  28  to  89 
cm.;  thickness  .5  to  1  mm.;  color  white  or  brown;  ends  blont;  T-sbaped 
postanal  ridge  in  male:  cosmopolitan. 


nc  sai  ng.  sea  fu-  363 

PIC.  Sei — OordliM  ogKotlew,-  hinder  end  at  male  (Hontcom«r7).  Fig.  802 — 
OoriimM  Uneattu;  hinder  end  of  male  {Montsomerr).  Fig.  3SS— Paro^ordliM  varim*; 
loader  end  of  temale  (A)  Bod  male  (B)  (Uouttomer;). 

O.  Unsatna  I^eidj  (Fig.  3(J2).  No  distinct  V-shaped  ridge  behind 
the  anus,  on  each  aide  of  which  in  the  male  is  a  longitadinal  line  of 
hairs;  color  yellowish-white;  female  with  longitudinal  rows  of  entienlar 
areoles:  eastern  states. 

2.  Pasaoobdiub'  Camerano.  Hair  worms  with  a  forked  and  spirallj 
rolled  tail  in  the  male,  and  a  trilobed  tail  in  the  female:  1  species. 

P.  ntiVB  (liOidy)  (Fig.  363V  Lei^h  10  to  30  cm.;  head  of  male 
obliquely  truncated;  the  commonest  gordian:  occaBionally  occuis  in 
boman  digestive  tract;  North  America. 

3.  Ohoxsosks  Uobius.  Hair  worms  with  the  hinder  end  spirally 
rolled  and  not  forked  in  the  male,  but  not  rolled  and  with  a  knob-like 
posterior  swelling  in  the  female:  5  species. 

•taa  "ObMrraUona  on  the  Natural  Hlatory  ot  tbt  Oordlacea,"  br  J.  liMj. 
ftoe.  A.  K.  0.,  Pblla.,  ToL  B.  p.  362.  "The  Adult  OrganlaaOeii  of  Vait§ordlM  tmillM 
LeUr,"  by  T.  H.  HoDtgomnr,  ZoaL  Jabrb.,  ToL  18,  p.  887, 1008. 
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0.  morgani  Montgomerjr  (Fig.  364).  Length  6  to  22  em.;  color 
brown;  head  white:  eastern  states. 

Family  2.    NBCTONEMATIDAE. 

Marine  worms  with  body  faintly  ringed  eztemaUy 
and  with  2  rows  of  fine  bristles  on  eaeh  side;  anus  absent; 

tail  of  male  carved  ventrally  and  ends  with 
a  conical  projection:  1  genus  and  species, 
which  is  found  swimming  at  the  surface  of 
the  sea. 

Neotohexa  Verrill.     With  the  char- 
ngr364  acters  of  the  family. 

^fUS^Xif  N.  agile*  Verr.  (Fig.  365).    Length  of 

^'"^flmSfe**  ""^     male  5  to  20  cm.;  of  female  3  to  6  cm.;       j^rSfinSa 
(Montgomery),    thickness  .3  to  1  mm.;  color  grayish-white:     -iKto  (Ward). 

marine,  and  pelagic  at  Newport,  R.  I.,  and  Woods  Hole;  Naples;  the 
larval  form  parasitic  in  small  crustaceans  {PaUemonetes), 

Glass  3.    ACAMTHOOEPHALA.t 

Elongated,  parasitic  worms  which  live  as  adults  in  the  intestine  of 
vertebrates,  to  the  walls  of  which  they  attach  themselves  by  means  of  a 
retractile  proboscis  armed  with  hook-like  spines,  and  as  larvae  in  the 
bodies  of  small  invertebi|ites,  especially  crustaceans. 

The  body  of  the  adult  may  be  divided  into  three  regions,  the  proboscis, 
the  neck,  and  the  trunk.  The  proboscis  is  a  more  or  less  cylindrical  struc- 
ture at  the  front  end  of  the  body  provided  with  several  rows  of  recurved 
spines.  The  neck  is  a  continuation  of  the  proboscis,  but  is  without  spines 
and  is  sharply  set  off  from  the  trunk.  The  trunk  forms  the  principal 
part  of  the  body  and  is  usually  smooth,  but  may  be  annulated  or  spinose. 
The  integument  consists  of  a  cuticula  and  a  subcuticula;  in  the  latter  is  a 
network  of  fibers  and  also  large  spaces  of  lacunae,  and  beneath  it  are 
circular  and  longitudinal  muscle  fibers.  A  large  body  cavity  is  present. 
Extending  backwards  from  the  base  of  the  proboscis  in  most  forms  is  the 
proboscis  sheath,  a  muscular  sac  into  which  the  proboscis  can  be  invagi- 
nated  and  thus  retracted.  In  certain  forms,  however,  the  sheath  is  inserted 
near  the  middle  or  forward  end  of  the  proboscis,  in  which  case  it  can  be 
only  partially  retracted  or  not  at  all.    Extending  backwards  from  the  base 

*  See  "On  Nectonema  agile  VerrlU/'  by  H.  B.  Ward,  Bull.  Mos.  Gomp.  ZooL,  VoL 
23,  p.  135,  1892. 

t  See  "Geschlchte  and  BrgebnlBse  der  EcblnorhynsGben  Forscbang,"  etc,  by  If. 
Lflbe,  Zool.  Annalen,  Vol.  1,  p.  189.  "Acantbocepbalen,"  by  M.  Lfibe,  SflaawMier 
faiina  Deutscblanda,  Heft  16,  1911^ 
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of  the  neek  is  a  pair  of  long  projections  of  the  snheuticula  called  the 
lemnisei,  the  function  of  which  is  not  known.  The  excretory  system  con- 
sists of  a  pair  of  nephridia  ^ich  unite  and  open  into  the  reproductive 
duct.  The  nervous  system  consists  of  a  central  gangUon  in  the  proboscis 
sheath  and  two  main  nerves  which  run  backwards;  no  special  sense  organs 
are  present.    No  digestive  tract  is  present. 

The  Acanihocephala  are  unisexual.  Extending  back  from  the  probos- 
cis sheath  is  a  prominent  band-like  structure  called  the  ligament  which  ends 
in  the  hinder  part  of  the  body  cavity.  In  the  male  two  ovoid  testes  are 
connected  with  the  ligament,  the  vasa  deferentia,  with  which  several  glands 
are  joined,  passing  back  to  the  complex  genital  opening  at  the  hinder  end 
of  the  body.  In  the  female  the  ovary  is  also  in  the  ligament;  the  ova 
escape  into  the  body  cavity  whence  they  pass  through  an  oviduct  of  com- 
plicated structure  to  the  external  opening  at  the  hinder  end  of  the  body. 
Fertilization  takes  place  in  the  body  cavity  and  the  embryonic  development 
takes  place  there.  The  eggs  then  pass  out  and  in  order  to  develop  farther 
must  be  swallowed  by  a  crustacean  or  insect.  The  larval  worm  then  bores 
through  the  intestinal  wall  of  this  intermediate  host  and  encapsules  itself 
in  the  body  cavity,  where  it  remains  until  the  intermediate  host  is  swal- 
lowed, probably  usually  in  drinking  water,  by  the  final  host,  to  the  intes- 
tinal wall  of  which  it  fastens  itself.  The  class  contains  4  families,  12 
genera,  and  over  100  species. 


Tamily  1.    ECHINOBHYNGHIDAE. 

With  the  characters  of  the 
order:  several  genera. 

1.  EoHnroBHTiroHTre  O.  F. 
Muller.  Body  smooth,  although 
often  wrinkled  after  death:  nu- 
merous species. 

E.  angniUae  Miill.  (Fig. 
366).  Body  orange-colored,  6  to 
29  mm.  long;  proboscis  with  8  or 
10  rows  of  hooks;  neck  long:  in 
numerous  fresh- water  fish;  com- 
mon; Europe;  larva  probably  in 
Crommarfis  and  small  fishes. 

E.  raaae  Sehrank.     Body  5 
to  60  mm.  long;  proboscis  with  12 
to  20  rows  of  hooks:  in  frogs,  toads,  and  salamanders;  common;  Europe; 
larva  in  Asellua, 


FifT.  866 — BchAnorhynohus  anguiUae 
(S(1b8W.  F.  Deut.).  A,  entire  worm:  1. 
proboscis;  2,  lemniscl;  3,  proboscis 
sheath  :  4,  llffament ;  5,  testis ;  6,  genital 
pore ;  B,  proboscis. 
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Fahilt  2.    GIGANTOBHYNGHIDAE. 

Body  laTge,  and  annulated;  lemnisci  long  and  twisted:  1  genus. 
GzoAVTOBarvoHirs  Hamann.    With  the  characters  of  the  family: 
1  species. 

G.  himdinacens  (Pallas)   (6f.  gigaa  Block)    (Fig. 

367).    Body  white,  tapering  posteriorly,  proboscis  almost 

spherical  and  with  6  rows  of  8  hooks  each;  male  6  to  9 

cm.  long  and  4  mm.  thick ;  female  up  to  50  cm.  long  and 

Fie. 367  4  to  9  mm.  thick:  in  the  intestine  of  pigs  and  often  a 

oioan  (Ward).        common  and  dangerous  parasite;  the  intermediate  host  a 

A,  male.  beetle  grub,  which  pigs  often  eat. 

SuBPHTLUM  3.    TEOCHELMINTHES. 

Minute,  aquatic  animals  which  in  structure  bear  a  close  relation  to 
the  trochophore  larva  of  the  annelid  worms  and  moUusks.  The  body  is 
unsegmented  and  often  externally  annulated  or  ringed  and  is  never  com- 
pletely ciliated,  although  in  most  of  them  groups  of  cilia  occur  in  certain 
regions.  A  spacious  body  cavity  is  present,  which  is  not  however  limited 
by  a. peritoneum.  The  Rotifera,  by  far  the  largest  of  the  three  classes,  are 
characterized  by  the  ciliated  disc-like  front  end  of  the  body  and  usually 
also  the  forked  organ  of  attachment  at  the  hinder  end.  The  other  two 
classes  comprise  a  few  species  of  peculiar  microscopic  worms  which  tLte 
often  included  among  the  Rotifera,  but  which  lack  the  anterior  disc  and 
differ  from  them  also  in  other  important  respects^  The  subphylum  con- 
tains 3  classes. 

Key  to  the  classes  of  Trochelminthes : 

Oi  External  cilia  present. 

hi  Anterior  ciliated  disc  present 1.  Rotifeba 

bt  Ventral  surface  only  ciliated 2.  Gastbotbicha 

o.  External  cilia  absent 3.  Kinobhtncha 

Glass  1.    ROTIFERA  * 

Rotifers  or  wheel  animalcules  (Fig.  379).  Microscopic,  aquatic  ani- 
mals, the  body  of  which  is  composed  of  three  divisions,  the  head,  the  trunk, 
and  the  foot.    The  head  bears  the  corona^  which  is  a  ciliated  disc  forming 

*  See  "The  Rotifera  or  Wheel  Animalcules/'  by  C.  T.  Hudson  and  P.  H.  Gosae. 
1889.  **Tbe  Rotifera  of  Sandusky  Bay/'  by  D.  S.  Kellicott,  Proc.  Am.  Mic.  Soc.,  Vol. 
18,  p.  155,  1896.  "The  Rotifera  of  Sandnsky  Bay/'  by  same.  Ibid.,  Vol.  19,  p.  43, 
1897.  "Rotatoria  of  the  United  States,"  by  H.  S.  Jennings,  Bull.  U.  S.  Fish.  Com. 
for  1899,  p.  67,  1900.  "Synopsis  of  the  Rotatoria,"  by  same.  Am.  Nat,  Vol.  35,  p. 
726.  "Die  Sttsswasaerfauna  Deutschlands,"  Heft  14,  1912.  "Index  of  the  Beta- 
torla,"  by  H.  K.  Harring,  BulL  81,  U.  S.  Nat  Mns.,  1913. 
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the  front  end  of  the  body  and  in  the  middle  of  which  is  tne  mouth,  and 
the  special  sense  organs.  The  cilia  are  evenly  distributed  over  the  corona 
in  the  most  primitive  rotifers;  in  others  the  corona  is  variously  lobed  and 
the  cilia  are  in  groups  and  usually  confined  to  the  margin  and  the  area 
just  within  the  margin.  These  marginal  cilia  in  numerous  common  rotifers 
whirl  in  opposite  directions  on  the  two  sides  of  the  corona  and  resemble 
revolving  v^eels,  giving  the  group  its  name.  The  special  sense  organs, 
when  present,  consist  of  one  to  three  eyes  and  one  to  four  tentacles.  The 
trunk  is  in  many  rotifers  encased  in  a  shell  called  the  lorica  which  is  the 
thickened  cuticula;  it  is  often  provided  with  spines  and  other  projections. 
The  foot  forms  the  hinder  portion  of  the  body :  it  is  usually  retractile  and 
in  most  rotifers  ends  with  one,  two,  or  several  toes.  Qlands  are  present 
in  it  which  secrete  an  adhesive  substance  by  means  of  which  the  animal 
can  attach  itself  temporarily. 

The  mouth  opens  into  a  large  muscular  pharynx  called  the  mastax 
in  which  are  paired  jaws  or  trophi,  the  working  of  which  is  a  noticeable 
feature  in  rotifers.  In  some  rotifers  (Stephanopa)  the  pharynx  is  thrust 
out  of  the  mouth  and  used  as  a  proboscis  to  take  in  food.  A  narrow 
oesophagus  joins  the  phar3mx  with  the  large  stomach,  which  hfts  a  pair  of 
large  gastric  glands  and  is  joined  with  the  dorsal  anus  by  the  short  intes- 
tine. In  some  forms  the  intestine  ends  blindly,  there  being  no  anus.  The 
nervous  system  consists  of  a  brain  dorsal  to  the  pharynx  and  nerves  ex- 
tending from  it;  a  suboBsophageal  ganglion  is  present  in  some  forms.  A 
pair  of  kidney  tubules  which  contain  flame  cells  open  into  a  contractile 
bladder,  the  vacuole,  which  communicates  with  the  hinder  end  of  the  intes- 
tine. The  sexes  are  distinct  The  males  are  small  and  without  digestive 
origans  and  usually  much  less  numerous  than  the  females ;  in  many  species 
they  have  not  been  found  at  all.  The  female  has  usually  a  single  small 
ovary  and  a  large  yolk  gland  whidi  are  joined  with  the  cloaca  by  an  ovi- 
dnet,  the  lower  end  of  which  acts  as  a  uterus  and  retains  the  young,  in  a 
large  number  of  species,  during  development,  so  that  they  are  bom  alive. 
The  females  reproduce  parthenogenetically :  at  certain  times,  however, 
males  are  bom  and  the  fertilized  eggs  then  produced  are  called  'Snnter'' 
or  resting  eggs  and  can  resist  cold  and  drought.  Budding  and  fission  do 
not  occur. 

Habits  and  D%9tr%bution.—Th»  majority  of  rotifers  are  solitary,  free- 
living  animals,  although  a  few  species  are  sessile,  living  in  tubes  com- 
posed of  their  own  secretions  or  of  foreign  matters,  and  a  few  are  colonial. 
They  are  typically  fresh-water  animals  and  are  everywhere  abundant,  but 
a  few  species  are  marine.  They  are  also  usually  rather  rigidly  confined 
to  certain  environments,  some  living  among  plants  and  some  being  pelagic. 
Most  of  the  common  species  are  cosmopolitan  in  their  distribution.    Some 
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rotifers  and  their  eggs  can  withstand  desiccation  many  years  when  taken 
from  the  water  and  are  often  blown  great  distances  by  the  wind  or  carried 
on  the  feet  of  birds.  The  food  of  most  forms  consists  of  minute  plants 
and  animals,  but  a  few  species  are  parasitic. 

History.— Rotifers  have  been  known  since  the  time  of  Leeuwenhoek, 
who  discovered  them  in  1703.  *  0.  F.  Miiller  in  1786  gave  those  known  at 
his  time  binominal  names,  classifying  them  with  the  Infusoria.  Ehrai- 
berg,  in  his  epoch-making  work  on  Infusoria  published  in  1838,  described 
great  numbers  of  rotifers  and  laid  the  foundation  of  the  present  classifi- 
cation. Wiegmann  in  1832  had,  however,  already  removed  them  from  the 
Infusoria  and  placed  them  among  the  worms.  The  monograph  of  Hudson 
and  Gosse  contains  the  modem  classification  of  the  group. 

About  850  species  of  Botifera  are  known,  of  which  about  250  ooenr 
in  this  country.    They  are  grouped  in  3  orders. 

Key  to  the  orders  of  Botifera: 

Ox  Sessile  or  colonial  and  usually  tubicolous  (except  Troohosphwra) , 

1.  RmzoTA 

Oi  Free-swimming;    not  tubicolous  and  non-colonial  rotifers. 

hx  Rotifers  which  creep  like  a  leech,  but  can  also  swim 2.  Bdklloida 

(i  Rotifers  which  do  not  creep  but  swim 8.  PiiOiMA 

k 

Order  1.    BHIZOTA. 

Usually  sessile  rotifers  living  in  tubes  composed  of  a  transparent 
secretion  or  of  fecal  or  other  substances;  some  forms  are  colonial  and  a 
few  are  free-swimming:  3  families. 

Key  to  the  families  of  Bhizota  here  described: 

Hi  Corona  with  prominent  non-vibratile  cilia  usually  on  lobes ;  vibratile  cilia 

very  small 1.  Floscitlariidab 

o.  Corona  without  non-vibratile  cilia ;  colonial  or  not 2.  Melicebtioab 

Family  1.    FLOSCULARIIDAE.* 

Solitary,  sessile,  or  free-swimming  rotifers  living  in  a  transparent 
tube;  corona  lobed  in  most  cases  and  bearing  groups  of  long,  often  non- 
^dbratile  cilia;  vibratile  cilia  few,  about  the  mouth:  3  genera. 

Key  to  the  genera  of  Flosculariidae  here  described: 

Oi  Lobes  of  corona  knobbed  or  blunt,  or  absent 1.  Flosoulabia  ' 

Of  Lobes  long  and  pointed 2.  Stephanocbbos 

1.  FLOSOXTLARZAf  Okeu.  Body  in  a  transparent  tube;  corona  with 
3  to  5  lobes,  or  not  lobed,  and  bearing  long  non-vibratile  cilia;  the  young 
of  all  and  the  adults  of  certain  species  free-swimming:  about  30  species. 

*  See  "On  the  Morpboloflry  of  the  Rotatorian  Family  Flosculariidae,"  by  T.  H. 
Montgomery,  Jr.,  Proc.  Acad.  Nat.  Sci.,  Phlla.,  1903,  p.  363. 

t  See  "On  Floscolarla  Conklini  Nov.  Spec.,  with  a  Key  for  the  IdentiflcatioB  of 
the  Known  Species  of  the  Genns,"  by  T.  H.  Montgomery,  Jr.,  Biol.  Ball.,  VoL  6, 
p.  233, 1903. 
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F.  onuta  Ehrenbei^.    Lobea  5,  each  with  a  round  Icnob  which  bears 
tlw  (nlia;  foot  about  twice  as  long  as  the  body;  no  eyes;  length  ^ 
mm.;     common    and    seaBile;     among    water    plants, 
I  F.  cunpunlita  Dobie  (Fig.  368). 

Lobes  5,  distinct  and  not  knobbed;  cilia 
Bon-vibratile  on  entire  margin  of  the 
bell-shaped  corona ;  sessile ;  length  .6 
mm.:  often  common. 

F.  ptlaficB  Rousselet.  Corona  cir- 
cular, but  aligbtly  lobed  with  short, 
non-vibratile  cilia;  free-swimming. 

8,     SXEiKAXooxaoB      Ehrenberg. 
Lobes  6,  very  long,  slender,  and  point- 
Tic  B68  ^^i  ^"  <^c  c°  them  being  non-vibra-  ^g  se6 
cSSSSSa         tile  and  In  rows  or  whorls;  tube  trans-       ^'&^^ 
(Montr.m«,».        p,„„t.  fj^t  ^g^  ,^,„g.  1  gpg^i^                   (»foDtp.mer,). 

S.  fimblUtaa  (Ooldfuss)  {S.  eiehhormi  Ehr.)  (Fig.  369).  Let^h 
1.5  mm.:  on  aqnatie  plants;  not  common. 

Familt  2.    MELICEBTIDAE. 
Colonial  or  sot;  osnally  tublcoloue;  corona  2  or  4-Iobed  with  a 
eontinuooa  row  of  large  marginal  cilia;  1  to  3  antennae,  1  dorsal  and  2 
ventral:  10  genera. 

Key  to  the  genera  of  MeJicertidae  hero  described: 
«,  NoD-coIonlal  ratifera. 
b,  CoroDB  disdnctlr  2  or  4-Iobed. 

V,  Corona  4-tobed. 1.  Meucebta 

c.  Corona  2-lobed. 2.  I.iicnias 

b.  Corona  oval  or  nearlj  drcnUr  and  iodiatinctly  2-lob«d. 
*  ColcUl  rodfer*  =■  <^™'" 

b,  Coloniea  aemile,  tnblcoloos  or  not. 

e.  Not  tubimlouH 4.  MBOu/»rlioCBA 

e,  AnimiilK  in   trBiiBp&reiit  tubes S.  Lacikulabia 

b^  Colonies  free-swimmias,  aninala  tabico)ous.6.  C0NoCHii.trs 

t.  Kkuozbta  Scbrank.    Corona  large,  with  4  lai^e 
lobes;  3  antennae,  1  minute  doraal  and  2  larger  ventral        ^f.^^g 
fines:  4  species.  (tr^^ruU. 

H.  ringflU  Schrank  (Fig.  370).  Tube  formed  of  «•■  J^nt-)- 
spberieal  pellets;  length  .8  mm.:  common  on  water  plants. 

H.  mftllcarto  (Ehrenberg).  Tube  gelatinous;  length  1mm.;  ventral 
Antennae  very  long:    on  water  plants. 

S.  "LnaOAM  Schrank.  Corona  broad,  with  2  lobes;  tube  membra- 
nous, often  rou^ened  by  dirt  and  sometimes  annulated;  antennae  as  in 
MeUcerta:  3  species. 


4  TBOCBELMINTHEB 

L.  oaifttopliTlll  Sohrank  (Fig.  371).    Tube  not  atmnlatod;  length 
mm.;  ventral  antennae  short:  on  water  plants;  abundant. 

lb  annnlatni  Bailey.  Tnbe  annulated;  body  with  6 
horn-like  dorsal  proceHses ;  length  1  mm. 

3.  CEoiBTXB  Ehrenberg.  Corona  a  wide  oval;  lobes 
indistinct;  tnbe  irregalar  or  absent;  doraal  antenna  minute 
or  absent:  10  species. 

0.  dTBtalllniu  Ebr.  Tnbe  variable,  transparent,  often 
covered  with  dirt;  ventral  antennae  small,  wide  apart; 
length  .5  mm. 

0.  uelicerta  (Khr.),    Two  long  dorsal  projections  just 
below  the  corona,  sometimes  antler-like;  tube  formed  of 
pelletsand  very  short,  or  wanting:  common. 
1.  UxaAuiTxoaxA  Ehrenberg.     Colonial  and  sessile, 
eaeh  colony  appearing  to  the  eye  as  a  grayish  boll;  not 
tubicoloua;  corona  broad,  reniiorm;  antennae  inconspica- 
Dus:  2  species. 

H.  alboflavicans*  Ebr.  (Fig.  372).  Four  opaqne  warts 
in  a  row  just  beneath  the  corona;  length  2  mm.,  of  colony 
5  mm.  , 

6.  IiAOunrLABiA  Schweigger.    Colonial  and  similar  to      *^toSowI? 
llegalaUoeha  bnt  each  individual  is  in  a  transparent  tnbe:      ^^'oeatT'' 
1  species. 

L.  sodalli  (Pallas).  Length  2  mm.,  of  colony  3 
mm.:  on  water  plants;  less  common  than  above. 

6.  CoMOOHatri  Ehrenbei^.  Free-swimming  palagie 
colonies,  each  individual  in  a  transparent  tube:  3 
species. 

0.  volvox  Ebr.    Colony  spherical,  consisting  of  10 
Pig.  ars  ^°  40' individuals  arranged  radially;  ventral  oDtenoae 

'uHiflWRii'  separate  except  at  base;  length  .6  mm.,  of  colony  1 

('""oSOmw.  F.      mmi, .  common. 

0.  nslcomifl  Rousselet  (Fig.  373).  Colony  irrq^ 
nlar,  containing  few  individuals;  a  single  large  ventral  antenna  situated 
on  the  corona:  common. 

Obdeb  2.    BDELLOIDA. 

Non-tabicolons  rotifers  (with  a  -few  exceptions)  which  swim  with 

the  corona  a6d  creep  like  a  leech  by  attaching  alternately  the  front  and 

hind  ends  of  the  body;  body  cylindrical,  with  a  cuticula  composed  of 

rings  which  can  be  telescoped;  foot  usually  ending  with  3  toes  and  with 


Formed  ol 
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2  or  4  spurs  a  little  way  up;  a  dorsal  proboscis  behind  the  eorona; 
ovaries  2:  2  families. 

Family  PHILODINIDAE. 

Corona  composed  of  2  circular  and  separated  retractile  lobes,  making 
2  distinct  wheels;  proboscis  and  tentacle  present:  4  genera. 
Key  to  the  genera  of  Philodmidae  here  described : 

Ot  Two  eyes  present. 

\  Eyes  on  the  proboscis 1*  RomrEB 

h^  E<ye8  on  neck,  directly  over  the  brain  and  the  jaws 2.  Philodina 

a.  Byes  absent 3.  Caludiiva 

1.  BoTDPBB  Schrank.    Body  long  and  slender  and 
yery  retractile:  among  plants  and  dirt:  9  si>ecies.  »■    ^^s«^  i 

R.  Tulgaris  Schrank  (Fig.  374).    Body  whitish  and       IH      J=^^% 
opaque,  gradually  tapering  to  the  foot,  which  makes 

HI  0 

up  half  the  animal;  spurs  not  twice  as  long  as  width  of     ^^ 
body;  length  .5  mm.:  common;  also  in  salt  water. 

B.  tardigraduB  Ehrenberg.     Body  dark  brown  in 
color,  long  and  slender;  spurs  3  times  as  long  as  the      Rotlf&'vuiparu 
width  of  body  where  attached;  length  .8  nmi.:  common.      ^A**tbe^iSmaL^' 

2.  Philodzva  Ehrenberg.    Body  rather  thick,  fusi-         \  miboSSi' 

form;    2   red   eyes   behind   the   pro-.  3,ten^ie. 

boscis;  often  in  infusions:  6  species. 

P.  aculeata  Ehr.  Dorsal  surface  of  body  beset  with 
|f§'|      CCS       strong  spines ;  length  .5  nun. :  common. 

P.  roseola  Ehr.  (Fig.  375).  Body  rather  slender 
and  often  rose-colored;  foot  not  distinctly  set  off; 
length  .5  mm.:  common. 

S.  OallXDZVA  Ehrenberg.  Body  elongate,  without 
eyes,  the  jaws  often  with  fine  transverse  ridges :  many 

Fig.  376  species. 

PhaodfM^Beoia,  0.  elegans  Ehr.    Each  jaw  with  10  ridges,  cuticula 

SOww. F. Dent),      smooth;  length  .35  mm.:  common  in  infusion. 

Order  3.    PLOIMA. 

Non-tubicolous  rotifers,  which  swim  and  do  not  creep  like  a  leech, 

but  may  creep  with  the  toes  or  may  leap ;  some  are  parasitic :  2  suborders. 

Key  to  the  suborders  of  Ploima: 

Oi  Without  shell   (lorica) 1.  Illobioata 

a.  With  lorica \ : ^2.  Louoata 

Sttborder  1.    ILLORICATA. 

Ploimate  rotifers  with  a  fl6;sible  cuticula  and  no  shell  (lorica) :  6 
families. 
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Key  to  the  families  of  Illoricata  here  described: 

Oi  No  foot  present ;  animals  transparent,  short  and  more  or  less  sphericaL 
hi  Animalw  spherical  with  a  ring  of  cilia  near  equator. . .  .1.  Tboohobfhjbbidab 
5a  Body  sac-shaped. 

Ot  No  long  lateral  appendages 2.  AsPLAirCHinDAB 

Cb  Long  lateral  appendages  present  with  which  the  animal  Jumps. 

8.  Tbiabthbidab 
Oa  Foot  with  2  toes  present. 

bt  Corona  with  3  to  7  large  prominences  with  setae 4.  HTDATmiDAB 

5a  Corona  without  these ;  body  elongate,  often  with  a  pair  of  ciliated  pro- 
jections (auricles) 5.  NoTOiCMATlDAB 

Family  1.    TBOGHOSPH^BIDAE. 

Spherical  rotifers  without  corona  or  foot  and  with  an  eneireling 
band  of  cilia  near  the  equator  or  towards  the  forward  pole;  mouth 
ventral  and  anus  at  the  hinder  pole;  the  viscera  are  in  the  hinder  hemi- 
sphere: 1  genus. 

Tbookobfkxba  Semper.  With  the  characters  of  the  family:  about 
3  species. 

T.  solstitialis  Thrope  (Fig.  376).    Band  of  cilia  between  equator 

and  forward  pole;  diameter  2  mm. :  in  the  Illinois  River  and  at  Put-in-Bay, 

Lake  Erie;  Asia. 

Fakily  2.    ASPLANGHNIDAE. 

Large  transparent  sac-shaped  rotifers,  without  anus  and  nsnally 
pelagic:  3  genera. 

1.  AsPLAHOHHA  Gosse.    Foot  absent;  jaws  large;  animals  vivipa- 


4 

Fig.  376 


Fig.  377 


Fig.  378 


Fig.  376 — Trocho8ph<gra  aoUtitialis  (Delage  et  H6roaard).  1,  brain;  2,  mouth; 
3,  kidney  tubule;  4,  anus;  5,  intestine;  6,  ovary;  7.  dorsal  nerve.  Fig.  377 — 
Atplanchna  herrioki  (from  Sassw.  F.  Deut).  Fig.  SIS— Poly arthra  platyptera  (from 
Sfissw.  F.  Dent.). 

rouSy  the  embryo  being  frequently  seen  in  the  mother;  1  or  3  eyes  present; 
corona  with  two  slight  elevations:  about  7  species. 

A.  priodonta  Gosse.  Body  without  humps  and  barrel-shaped;  eyes 
3;  length  .5  nmi.:  often  very  common;  pelagic. 

A.  herricki*  De  Gueme  (Fig.  377).  Body  amphora-shaped  and 
without  humps;  eyes  3:  pelagic. 

*  Bee  "Barly  Development  of  Asplancbna  berrickli,"  by  H.  S.  Jennings,  Bull. 
MVB.  Comp.  Zool.,  VoL  30, 1696. 


S.  Abflavokvofits  De  Gueme.  Foot  present;  anini&tB  viviparons: 
2  BpecieB. 

A.  amltlceps  Schrank.    Foot  email;  length  1  mm.:  pelagic. 

Faicilt  3.    TBIABTHBIDAB. 

Foot  absent ;  long  paired  appendages  at  the  side  by  means  of  which 
the  animal  skipe  or  swims  and  which  may  give  it  the  appearance  of  a 
cnutacean:  several  genera. 

FoLTAXTHXA   Ehrenberg.    Body  rectangular  with    12  long  blade- 
shaped  appendages  with  serrate  edges  arranged  in 
4  groups :  1  species. 

P.  platTPtem  Ebr.  (Fig.  378).  One  eye  pres- 
ent ;  length  .15  mm. :  very  common  both  at  surface 
and  bottom. 

FakCT  4.    BTDATINIDAS. 

Body  cylindrical  or  sac-shaped  with  a  short 
foot  which  has  2  small  toes ;  corona  with  a  namber 
of  elevations  bearing  setae:  5  genera. 

1,  Etsathia  Ehrenbeig.  With- 
out eyes,  but  with  a  tentacle:  8 
epeeies. 

H.  mtta*  Ebr.  (Fig.  379). 
Body  large,  .5  mm.  long,  trans- 
parent: often  common. 

2.  KoTOPB  Hndson.  Sii^le  eye 
present;  corona  large  with  a  ring 
of  eilia  and  bearing  aeTeral  laige 
prominenees  crowned  with  setae: 
several  species. 

K.     brachlonuB     (Ehrenberg) 
(Fig.  380).    Body  lai^e,  qnadran- 
gnlor  and  transparent;  foot  half  as  long  as  body  and  little  retractile; 
lei^th  .5  mm. :  often  common. 

PAJiaT  6.    NOTOMMATIDAE. 

Body  soft  and  elongate;  corona  obliqne  in  position,  without  lobes, 
and  covered  with  eilia  and  often  with  a  pair  of  lateral  ciliated  projec- 
tions ealled  anrieles :  15  genera. 

•  See  "StDdlu  Id  the  lite  Cj«l«  of  H^dktltia  scDta."  br  A.  F.  Sbull,  Jam.  Bx. 
BmL,  Toll.  8, 10,  ud  12,  1910-1912.  "Tbe  iDiliieDce  ot  Food  In  ControUlns^ei  In 
Hjdatlna  ecnta,"  b;  D.  D.  Wbltnejr,  ume,  ToL  IT,  1914. 


Flx.8t 
ifotot 


braeliiimmt 
(trora  aOuw. 
P.  Dent). 


Flg.8T9 

Hjidaana  tenia 

(SOun.  F.Dent). 

1.  corona:  2.  montb: 

8.  miBtu  ;    4,  gaitrlc 

gland  ;  G,  stomacb  :  6. 

orary  ;   T.  jotti  gland  ; 

»',  iDteatlue;  10,  kid' 
□ej  tubule  :  11,  vacD- 
ole:  12,  anas;  1& 
adbealou  glandi;    14, 
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Key  to  the  genera  of  NotommatidM  here  described : 
Oi  A-uricles  present 
b.  Body  not  coiupicuoiial]'  annnlated. 

Oi  Very  Urge  rotUen  with  3  or  &-lobed  brain X.  GoFnrs 

o.  Not  large  and  brain  not  lobed 2.  Notouuata 

b.  Bod;  coDHpicnonBl;  aanulated 3.  Taphbocahpa 

a,  Anrtclea  abwDL 

b,  Toea  minnte 4.  PBOAUES 

hg  loet  conapicnona Et.  Wvkculaxia 

1.  OoPSUB  Gosee,  Large  rotifera,  slow-moving,  asnaUy  enlarged 
behind  the  middle;  brain  3-Iobed;  body  projects  backward  from  the  foot, 
forming  a  tail;  anricles  present:  7  species;  vegetable  feeders. 

0.  pachjniniB  Ooese  (Fig.  381).  Tail  ronnded  and  thick;  aorioles 
large;  brain  3-lobed;  foot  2-jointed;  length  J3  mm. 


ng.  3S1  Fig.  SSa  Tig.  SS3 

Big.  S81 — Oopmu  paehininu  {from  SOmw.  P.  Deut.).     Pig.  883 — yotontmala  trip** 

(SlUnr.  F.  Dent).    Tig.  383— TapVocMipa  imHKlofa  (Sflelw.  F.  Deut). 

8.  NoTomuiA  Ehrenberg.  Small  rotifers  with  an  eloi^ate  body 
and  aorieles;  tail  nsoally  present;  foot  and  toes  nenally  small:  man; 
gpeeies;  among  water  plants. 

H.  tilpnfl  Ehr.  (Fig.  382).  Tail  aa  long  as  the  tMs,  the  animal 
appearing  to  end  behind  in  3  toes;  length  .1  mm. 

K.  tmncata  Jennings.  Body  red  in  color,  long  and  tmncate  at  each 
end ;  cilia  ext«nding  on  to  ventral  surface ;  foot  vei;  smalL 

3.  TAPRaooAKPA  Qosse.    Body  email  and  with  numerone  perma- 

»neiit  annnlations;  small  tail  juet  above  the  foot:  4  epecies. 
T.  uumlow  Qosse  (Fig.  383) .   Minnte  rotifer  with  a  eyl- 
indrical  body  and  with  a  pair  of  small  auricles ;  lei^th  .1  mm. 
4.  Fboalbb  Oosse.     No  anricles  or  tail  present;  toes 
inconRpienons ;  body  small  and  cylindrical:  8  species. 
F.  lordida  Gosse.    Body  thick;  head  broad,  with  an  eya; 
^  ^^       foot  very  broad ;  toes  conical ;  length  22  mm. 
'iCSjjJ*  5,  FintOULUtU  Ehrenbei^.     Auricles  absent;  body  eyl- 

(^^W;B'>     indrical  or  bn^ing  In  the  middle;  toes  conspicuous;  eye  red 
at  apex  of  head:  12  species. 
F.  foiflcnU  Ehr.  (Jig.  384).    Body  cgrllndxical,  With  strai^t  sidea 
•nid  .35  mm.  long:  abondant. 
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Sttbobdeb  2.    LOBICATA. 

Lorica  present,  osaally  much  flattened:  12  families. 

Key  to  the  families  of  Loricata  here  described : 

Ox  Foot   absent 1.  Anursidab 

€h  Foot  present. 
bt  Foot  transyeraely  wrinkled  or  ringed  (not  jointed). 

Oi  Foot  ending  in  a  ciliated  cup,  without  toes 2.  PTEBODnnDAB 

Oa  Foot  ending  in  2  toes 3.  Bbachioiodab 

%B  Foot  not  wrinkled  or  ringed,  often  jointed,  with  1  or  2  toes. 
C|  Toes  not  long  and  spine-like. 

di  Foot  jointed ;  lorica  without  dorsal  spines 3.  Bbachionidas 

d.  Head  with  a  chitinous  covering  like  the  visor  of  a  cap ;  foot  and  toes 

often  very  long ;  1  eye 4.  Dinoohabtdaw 

c^  Foot  usually  very  short  and  ending  in  1  or  2  slender  and  usually  long 
toes ;  lorica  usually  flattened  and  ovate. 
di  No  arched  shield  over  head. 

ei  Toes  very  slender  and  bristle-like,  often  very  long 5.  Rattulidax 

Ct  Toes  1  or  2  in  number,  slender  and  rod-shaped 6.  Oathtfnidab 

eg  Toes  2  in  number,  long  and  diverging 7.  Etjohlanidax 

dg  An  arched  shield  over  head 8.  CJolubidax 

Family  1.    ANXTB^IDAB. 

Foot  absent;  lorica  nsnally  with  6  long  spine-like  projections  at  its 
anterior  margin  and  1  or  2  at  its  posterior :  3  genera. 

Amvbjul  Ehrenberg.  Lorica  thick  walled  and  opaque, 
marked  with  polygonal  areas  on  its  dorsal  surface;  empty 
lorieas  frequently  found:  7  species. 

A.  cochlearis  Gosse.  Lorica  prolonged  posteriorly  into 
a  long  spine,  which,  however,  may  be  wanting;  length 
•16  mm. 

A.  acoleata  Ehr.   (Fig.  385).     Lorica  quadrangular         ^J^ 
with  a  spine  at  each  of  the  postero-lateral  angles;  .15  mm.        (80ssw.^F. 
long.  ^"*-^- 

Faiolt  2.    PTEBODINIDAE. 

Foot  cylindrical  and  transversely  wrinkled  or  annulated;  body  very 
retractile:  2  genera.  «• 

PtsbOdzva  Ehrenberg.  Lorica  flattened;  a  pair  bf  lateral  semi- 
elreles  of  cilia  on  the  corona;  2  eyes;  foot  ending  in  a  ciliated  cup:  3 
species. 

P.  iMttina  Ehr.  (Fig.  386).  Lorica  very  transparent,  flat  and  cir- 
cular and  J.7  mm.  long,  without  teeth :  common  among  algae. 

Family  3.    BBACHIONIDAE. 

Foot  long,  cylindrical,  and  usually  not  jointed,  but  annulated  or 
wrinkled,  with  2  toes;  lorica  squarish  and  flattened  and  usually  with 
q>ine-like  projections  from  its  anterior  margin:  3  genera. 
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1.  BaAcmOKiTfl  Pallos.  Lorica  arehed  doraally,  flattened  ventrally; 
I  red  eye:  numerous  species,  some  marine. 

B.  rnbeiu  Ebrenberg  {Fig.  387).  Six  straight  spines  on  anterior 
margin;  no  posterior  spines;  color  pinkiah:  often  common. 

B.  bikeri  0.  F.  Miiller.  Six  spines  on  anterior  margin,  the  2 
middle  ones  curving  outward;  2  lateral  spines  on  posterior  margin  may 
be  long,  short,  or  absent;  length  25  mm.:  often  very  c< 


Fig,  38S — Pleradtna  patina  (SHaaw.  T.  Deat.) 
T.  DeuL).     Fig.  3S8 — Soteut  quo 

B.  militaria  Ehr.  Foot  jointed;  lorica  with  10  anterior  and  4  pos- 
terior spines,  its  surface  facetted  and  covered  with  raised  points; 
length  .25  mm. 

2.  KoiSVB  Ehrenberg.  Foot  jointed;  lorica  oval  and  with  2  ante- 
rior and  2  posterior  spines ;  no  eye :  1  species. 

H.  aaadriconia  Ehr.  (Fig.  388).  Dorsal  surface  facetted,  whole 
surface  roughened;  length  .35  mm. 

Fahilt  4.    DINOCHABIDAE. 

Lorica  more  or  less  cylindrical  and  usually  with  an 
anterior  dorsal  projection  over  the  head;  foot  very  loi^ 
with  2  long  toes:  4  genera. 

1.  SoABiDivx  Ehrenberg.  Lorica  vase-shaped,  smooth, 
and  transparent,  without  the  dorsal  projection;  1  eye; 
foot  and  toes  very  long:  several  species. 

S.   longicandnm   {0.  F.  Uiiller)    (Fig.  380).    Body 

cylindrical;  toes  and  foot  longer  than  the  rest  of  the 

body;  .4  mm.  long. 

si^id^um  2.  Stepbanopi  Ehrenberg.    Head  covered  with  a  large 

lonptcauHum  ...  • 

(SUbiw  f.         semicircular  shield;  foot  and  toes  not  usually  long;  1  to  3 

long  movable  spines  project  from  the  back :  several  speoies. 

8.  longisplnatna  Tatem.    One  long  spine  from  the  middle  of  back; 

length  15  mm. 
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Family  5.    BATTULIDAE.* 

The  veiy  short  foot  ends  in  one  or  more  slender,  often  very  long, 
bristle-like  toes;  lorica  more  or  less  cylindrical;  1  eye:  2  genera  and 
35  species. 

1.  Rattvlvb  Lamarck.  One  long  toe,  often  as  long  as 
the  rest  of  the  body;  a  short  toe  also  usually  present  which 
is  not  a  third  the  length  of  the  long  toe:  20  species. 

B.  longiaeta  (Schrank)  (B.  bicomis  Ehrenberg)  (Fig. 
390).  Two  spines  of  unequal  length  at  the  anterior  margin 
of  the  lorica;  toe  two-thirds  the  length  of  the  body;  length 
•5  mm. :  common.  -_    ^^^ 

w«**«v«.  Fig.  390 

E.  maco8ii8  Stokes.  Lorica  with  2  parallel  ridges  close  umgisHa 
together  for  half  its  length;  body  ovoid:  length  2  mm. :  often  ^U'T) ^' 
common. 

2.  DnrRSXXA  Bory  de  St.  Vincent.  Two  toes  present  of  equal 
length  or  one  more  than  a  third  the  length  of  the  other: 
14  species. 

D.  tigris  (O.  F.  Miiller)  (Fig.  391).  Toes  equal  and 
long;  body  cylindrical,  .2  mm.  long  with  a  tooth  on 
anterior  margin  of  the  lorica:  very  common  in  aquatic 
vegetation  in  quiet  water. 

D.  porcellns  (Oosse).    Toes  slightly  unequal,  folded 
Flff.391  under  the  body,  which  is  short,  curved,  and  .15  mm.  loner ; 

(Jenningg).       lonca  With  2  marginal  teeth:  very  common. 

Family  6.    CATHYPNIDAE. 

Body  broad;  dorsal  plate  convex,  ventral  plate  flat,  the  2  plates  sep- 
arated by  a  deep  groove  on  each  side;  foot  very  short  with  1  or  2  rod- 
shaped  toes;  1  eye:  3  genera. 

1.  Oatkyfva   Gosse.     Lorica   oval   or  nearly 
eircular;  2  toes:  3  species. 

0.  imgnlata  Gosse.    Body  large,  being  .3  mm. 
long,  including  toes;  dorsal  plate  projecting  over  the  ^    g^2 

foot;  toes  half  as  long  as  lorica:  often  very  common.        (sa^^^^^^^x 

0.  luna  (0.  F.  Miiller)  (Fig.  392).    Toes  two- 
fifths  as  long  as  lorica;  each  with  a  distinct  shoulder  at  side  near  the 
tip;  length  2  mm.:  often  common. 

2.  MovoBTTLA  Ehrenberg.  Body  oval  or  nearly  circular,  with  1 
rod-like  toe:  10  species. 

•  See  "Tbe  Rotatoria  of  the  United  States,  II ;  a  Monograph  of  the  R^ittiilidae," 
bj  H.  8^  J'lgnnln^  Bqll.  U,  8,  Fish,  Com.,  Vol.  22,  p.  273,  19Q3, 
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M.  bulla  Goeae  (Fig.  393).  Dorsal  piste  very  high;  ventral  ptate 
somewhat  eoBvex;  anterior  mai^n  with  a  notch;  .25  nun.  long:  veiy 
eonunon  among  aqnatic  plants. 

Fakilt  7.    ETJCHIiANIDAE. 

iMcge  transparent  rotifers  with  a  convex  dorsal  and 
a  flat  OF  slightly  convex  ventral  plate;  foot  jointed,  with 
2  large,  diverging,  blade-shaped  toes:  2  genera. 

EuoxLum  Ebrenberg.  Lorica  oval  and  flat;  eye 
present:  7  species. 

E.  dllateta  Ehr.  (Fig.  394).  Lorica  with  a  pair 
of  lateral  flanges  projecting  from  its  ventral  plate; 
anterior  dorsal  margin  with  a  broad  gap  having  a 
straight  bottom;  length  .3  mm.:  often  very  common  in 
aquatic  vegetation. 

Fakilt  S.    COLUBIDAE. 

Head  annnonnted  by  an  arched  shield,  appearing  in  a  side  view  like 
a  hook:  5  genera, 

1.  MxTOriDiA  Ebrenberg.  Lorica  flattened,  usually  turtle-like  in 
appearance;  usually  2  eyes:  11  species. 

K  lepadella  Ehr.  (Fig.  396).    Lorica  oval,  without  teeth  or  spinea 


Hndaon  bdiI  Gone). 

or  prominent  angles;  2  eyes;  ventral  plate  indented  behind;  length  .08 
mm. :  often  abundant  among  aquatic  plants. 

It  acuminata  Ehr.  Lorica  oval,  ending  behind  in  a  sharp  point; 
length  .08  nun,:  often  common  among  aquatic  plants. 

2.  Hovmu  Ebrenberg.  Lorica  arched,  more  or  less  compressed  lat- 
erally, often  open  mid-ventrally. 

H.  colunu  Ehr.  (Fig.  396).  Lei^th  J.  mm-:  often  common  among 
algae  in  the  sea. 
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Class  2.    OASTBOTRIOHA.* 

Minute  worms  less  than  .5  mm.  long  with  an  elongated  body,  nsnally 
forked  behind,  with  a  eiliated  ventral  surface  and  a  dorsal  surface  either 
bare  or  covered  with  bristles  or  scales  arranged  in  longitudinal  rows; 
head  end  contains  the  mouth  and  usually  bears  a  pair  of  eyes  and 
paired  sensory  bristles ;  digestive  tract  a  straight  tube  with  a  long  mus- 
cular oesophagus,  extending  to  the  anus,  which  is  in  the  dorsal  surface  at 
the  hinder  end  of  the  body;  a  pair  of  long  kidney  tubules  opens  into  the 
intestine;  a  veiy  large  brain  is  present,  dorsal  to  the  oesophagus,  from 
which  nerves  radiate;  animals  hermaphroditic,  paired  ovaries  and  testes 
being  present  in  the  hinder  part  of  the  body  cavity;  no  genital  ducts  are 
present  and  it  is  not  known  how  the  veiy  large  eggs  reach  the  outside; 
development  direct:  fresh-water  animals  found  among  infusorians  and 
rotifers;  about  32  species,  of  which  12  have  been  found  in  this  oountiy. 

Family  GBLSITONOTIDAE. 
With  the  characters  given  above:  seveiial  genera. 
Key  to  the  genera  of  Chaetonotidae  here  described: 

Ci  Posterior  end  forked. 
hi  Back  covered  with  spines  or  scales. 

Oi  Gandal  forks  short 1.  Cbjetonotus 

e,  Gandal  forks  very  long  and  segmented 2.  Lefidodebha 

ht  Back  not  covered  with  spines  or  scales 3.  Ichthydium 

o.  Posterior  end  not  forked. 4.  Dastdttks 

1.  OHJBTOVOTini  Ehrenberg.f  Gastrotricka  with  a  short,  unsegmented 
forked  tail  and  with  dorsal  spines  or  scales;  ^^ 

head  formed  qf  3  lobes,  usually  with  2  pairs     'PCSSSI  ^finf 

of  tufts  of  sensory  bristles  and  in  some  species  ^ 

with  a  pair  of  eyes;  ventral  side     larut  (Stokes),  a,  dorsal 

xi  A.    nn  aspect ;  B,  head, 

flat:  23  species. 

t9|  0.  lams  (0.  F.  Mtiller)  (Pig.  397).  Back  covered  with 

short  conical  spines,  the  posterior  ones  being  usually  the 

larger;  length  .12  mm.:  common. 

0.  longispinosus  Stokes   (Fig.  398).      Back  with  2 

Pig. 898  transverse  rows  of  long  spines:  often  common. 

UmQi9pino8U9  2.  IiEFiDODEBXA  Zeller.    Back  covered  with  scales: 

(Stokes).         X  .1  J.    f     1  ,  , 

tail  forks  long  and  segmented:  several  species. 

L.  rhomboides  (Stokes)   (Fig.  399).    Forks  of  tail  one-fourth  the 

length  of  the  body  and  composed  of  20  segments;  a  deep,  transverse 

depression  back  of  the  mouth ;  length  .3  mm. 

•  See  "BeitrSge  snr  Systematic  der  GastrotHcben/'  by  T.  Grttnspan,  ZooL  Jabrb. 
Syst,  Vol.  20,  1908.     *a)le  StlBSwasserfanna  Deutscblands/'  Heft  14,  1912. 
t  See  "A4|natic  Microscopy,"  etc.,  by  A.  C.  Stokes,  p.  185, 1890, 
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3.  loHTHTBnm  Ehr<enbeTg.  Like  Chtetonotut  except  tb&fc  the  back 
is  bare;  several  species. 

L  podnra  (0,  F.  Hailer)  (Fig.  400).  A  pair  of  vertieal  spines  oa 
the  neck,  and  another  pair  near  the  hinder  end ;  length  Jil  mm. :  oommon. 


Fig.  399  Fl«.  400  Fig.  401 

Vlg.  399 — Ltptdadenna  rfumbofilM  (BIlMnf.  F.  Deat,).     A.  be&d;    B.  tall;   C.  dorsal 

Bcalea.      Fig.  100 — lohtkgdimm  podnra   (Bduw.  F.  DeDt). 

fig.  iOl—DMydgttt  taltUoHt  (Btokea). 

4.  Oasxotteb  Ooese.  Body  wide,  with  a  distinct  neck  and  head  and 
DO  forked  tail:  several  epeciea. 

D.  saltltaiu  Stokes  (Fig.  401).  Head  with  long  eilia  on  hoth  sides; 
neck  very  flexible;  2  sets  of  long  bristles  cross  each  other  on  the  back; 
length  .08  mm.:  not  common. 

Class  3.     KINOBHTHOHA.* 

Minute  marine  worms  less  than  .5  mm.  in  length; 
body  arched  dorsally  and  concave  ventrally,  and  composed 
of  a  series  of  rings;  body  cavity  not  s^mented;  outer  sur- 
face not  ciliated  but  provided  with  spines  and  bristles;  head 
and  neck  retractile,  with  a  ring  of  hooks  around  the 
month  and  a  number  of  long  looomotory  spines;  hinder 
end  usually  forked;  paired  genital  pores  and  paired 
excretory  pores  near  hinder  end;  sexes  separate:  abont  30 
species. 
SoiiSioderf  FauilT  ECHINODBBIDAE. 


Flff. 40S 

Kchtiuideit 

dHfortHni 

(trom  Clam), 


With  the  characters  given  above:  2  genera. 

EoHnroDBBBg  Dujardin.  Eyes  present:  several  species  in  the 
Afediterranean  and  Atlantic. 

E.  dnjardinl  Clapar^de  (Fig.  402).  Body  composed  of  13  rings;  2 
red  eyes;  color  reddish:  in  mud  and  on  algae. 
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V 

Sotphylum  4.    BBYOZOA.*     (Polyzoa.) 

Mintite  and  mostly  colonial  animals  which  are  attached  to  rooks, 
plants,  and  other  objects  in  the  sea  or  fresh  water.  The  colony  is  usu- 
ally made  up  of  hundreds  or  thousands  of  individuals  which  have  arisen 
from  one  another  by  a  process  of  budding,  and  is  often  mosslike  in 
appearance,  whence  the  name  of  the  group.  The  Loxoaomidae  are  the  only 
nm-eolonial  family.  The  individual  members  of  a  colony  are  called  the 
xooids :  they  are  more  or  less  cylindrical  in  form  and  are  af ten  polymorphic 
in  structure.  The  outer  wall  of  the  zooid  is  in  most  cases  a  thick  cuticula 
secreted  by  a  hypodermal  cell  layer:  it  is  often  hardened  by  the  presence 
of  calcium  carbonate  and  forms  a  rigid  case  within  which  lie  the  soft  parts 
of  the  animal.  This  case,  which  is  called  the  ectocyst  or  zooBcium  (Fig. 
406, 8),  will  often  remain  long  after  the  death  of  the  animal  and  the  dis- 
appearance of  the  soft  part  In  Pectinatella  and  some  other  forms  the 
body  wall  is  fleshy  or  jelly-like. 

The  soft  partA  of  a  zooid  consist  of  the  viscera  and  the  tentacle- 
sheath  with  the  tentacles  which  constitute  the  anterior  end  of  the  body. 
The  tentacles  are  hollow  and  ciliated  and  are  borne  upon  a  prominent  oval 
or  horseshoe-shaped  ridge  called  the  lophophore  (Fig.  406,1). 

The  body  wall  below  the  tentacles  is  highly  flexible  and  in  the 
Eetoprocta  these  can  be  completely  retracted  within  the  zocBcium.  In  the 
center  of  the  lophophore  is  the  mouth  and  in  the  Entoprocta  the  anus 
also:  in  the  Eetoprocta  the  anus  is  situated  just  outside  of  it.  The  ten- 
tacles are  the  only  portion  of  the  external  surface  of  the  Bryozoa  that 
18  ciliated. 

The  internal  organs  differ  very  much  in  the  two  great  groups  of  the 
Bryozoa  and  will  be  described  when  these  are  presented. 

Distribution  and  lfa&ifa.~The  majority  of  Bryozoa  are  marine,  being 
found  from  tide  water  to  very  great  depths.  Between  tide  lines  and  in 
shallow  water  incrusting  and  creeping  colonies  which  are  attached  to  rocks, 
shells,  or  seaweed  are  common,  while  in  deeper  water  erect  and  branching 
colonies  are  the  more  abundant.  No  Bryozoa  are  parasitic,  although  many 
species  live  commensally  with  other  animals  or  with  plants.  The  group  is  a 
very  ancient  one,  occurring  in  the  Cambrian  and  all  subsequent  formations. 

*  See  "Beport  upon  tbe  Inyertebrate  Animals  of  Vineyard  Sound,"  etc.,  by  A.  B. 
Yerrtll,  Rep.  U.  8.  Com.  Plsb.,  1871-72,  p.  292.  "Britisb  Marine  Polyzoa,"  by 
Thomas  Hincks,  London,  1880.  "Synopsis  of  North  American  Invertebrates,  I. 
Freshwater  Bryosoa,"  by  C.  B.  Davenport,  Am.  Nat,  Vol.  33,  p.  693,  1899.  "Sponges 
and  Bryosoa  of  Sandusky  Bay,"  by  F.  A.  Landacre,  The  Ohio  Naturalist,  Vol.  1,  p. 
9e,  1901.  VThe  Bryozoa.  Papers  from  the  Uarriman  Alaska  Expedition,*'  by  Alice 
Robertson,  Proc.  Wash.  Acad.,  Vol.  2,  p.  316,  1900.  "The  Freshwater  Bryozoa  of 
tbe  United  States,"  by  C.  B.  Davenport,  Proc.  U.  8.  Nat  Mas.,  VoL  27,  p.  211,  1904. 
**The  Bryosoa  of  the  Woods  Hole  Region,"  by  R.  C.  Osbum,  Bull.  Bur.  Fish.,  Vol.  30, 
1912.     "The  Bryosoa  of  Tortugas,"  by  same.  Pub.  No.  182,  Carn.  Inst,  Wash.,  1914. 
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Histofy.—The  Bryozoa  were  thought  to  be  seaweeds  by  the  earlier 
naturalists.  LinnaBus  grouped  them  with  the  corals  and  hydroids.  Here 
they  remained  until  1830,  when  J.  V.  Thompson  separated  them  from  the 
polyps  because  they  possess  a  digestive  tube  and  called  them  Polysoa,  by 
which  name  they  are  still  known  by  English  and  many  American  zoolo- 
gists. In  1831  E2hrenberg  performed  the  same  service  and  called  the  new 
group  BryoBoa,  which  is  the  name  in  use  among  continental  and  many 
American  zoologists.  In  1841  Milne-Edwards  created  the  phylum  MoUu»» 
coidea  to  include  the  Bryozoa  and  Tunicata,  in  which  the  first  named  group 
will  still  be  found  in  many  textbooks.  The  terms  Ectoprocta  and  Ento^ 
procta  were  introduced  by  H.  Nitzsche  in  1870. 

About  1,700  species  of  marine  and  35  species  of  fresh-water  Bryozoa 
are  known,  which  are  grouped  in  2  classes. 

Key  to  the  classes  of  Bryozoa: 

Oi  Tentacles  not  retractile  into  the  sooecium 1.  Entofbocta 

a.  Tentacles  retractile 2.  Eotopboota 

Class  1.    ENTOPBOOTA.* 

Minute,  primitive  Bryozoa,  in  which  the  anus  is  within  the  circle  of  the 
lophophore.  The  body  consists  of  a  calyx  or  head  and  a  contractile 
stalk,  the  former  containing  the  viscera.  The  lophophore  is  circular 
and  supports  a  single  row  of  tentacles.  The  depression  within  the 
lophophore,  which  is  called  the  vestibule,  contains  the  mouth  and  the 
anus  (Fig.  405) ;  projecting  over  the  former  is  a  lip  called  the  epistome. 
The  lophophore  cannot  be  retracted  into  the  zocecium,  but  the  tentacles 
can  be  rolled  into  the  vestibule  and  partly  covered  by  an  integumental 
fold  which  arises  at  their  base. 

The  viscera  fill  almost  the  entire  space  within  the  body.  What 
space  is  left  and  the  entire  inner  portion  of  the  stem  are  occupied  by  a 
gelatinous  parenchyma,  so  that  a  definite  body  cavity  is  wanting.  The 
digestive  tube  is  U-shaped,  an  oesophagus,  stomach,  and  intestine  being 
distinguishable.  The  genital  organs  consist  of  a  pair  of  gonads  which 
open  into  the  vestibule.  The  animals  are  either  unisexual  or  hermaphro- 
ditic :  in  Loxozoma  davenporti  the  gonads  function  as  ovaries  first  and  as 
testes  later.  A  pair  of  kidney  tubules  with  flame  cells  open  either  into 
the  vestibule  or  the  rectum.  The  nervous  system  consists  of  a  central 
ganglion  situated  between  the  mouth  and  the  anus  and  radiating  nerves. 

The  Entoprocta  are  found  in  both  salt  femd  fresh  water.  They  are  a 
small  group  comprising  about  20  species,  which  are  grouped  in  3  families. 

*  See  "Studies  In  Padflc  Coast  Entoprocta,"  by  A.  Robertson,  Proc.  CaL  Acad. 
Sd.,  Vol.  2,  p.  320,  1900. 
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K^  to  the  families  of  Ewtoprocta: 

Oi  Solitary  Bniofiroeta 1.  Lozosoiodab 

o.  Colonial  Entoprocta. 

ftt  Fresh-water  Entoprocta 2.  Ubnatellzdab 

h^  Marine  Entoprocta 3.  Pedioelunuus 


Fig.  408 

Lo90»oma  davenporti 

(NlckerBon). 

1,  lophophore;  2,    rectum; 

3,  bud. 


Family  1.    LOXOSOMIDAE. 

Solitary  Entoprocta,  which,  however,  often 
bear  young  buds,  with  10  to  26  tentacles,  with 
a  contractile  stalk  at  the  base  of  which  is  a 
foot  gland  which  is  of  use  in  attaching  the 
aninuil  and  may  be  wanting  in  the  adult 
animal,  and  with  an  obliquely  placed  lopho- 
phore: 3  genera. 

LozoBOXA  Keferstein.  With  the  char- 
acters of  the  family:  15  species,  which  are 
usually  associated  with  marine  annelids. 

L.  davenporti*  Nickerson  ( Fig.  403 ) .  Length 
up  to  2.4  nmi.;  small  foot  gland  present;  tenta- 
cles numbering  from  22  to  26 ;  from 
2  to  12  buds  usuaUy  present;  anus 
elevated  on  a  cone;  mammary 
organ  present  in  the  floor  of  the 

vestibule  to  which  developing  embryos  attach  themselves  to 

get  nourishment:  abundant  in  Vineyard  Sound. 
L.  minuta  Osbum.    Body  oval,  .3  mm. 

long:  on  Phaacolosotna  and  PhascoKon  on 

New  England  coast. 

Familt  2.    UBNATELLIDAE. 

Colonial,  fresh-water  Entoprocta,  each 
colony  consisting  of  a  few  zooids,  which 
rise  from  a  common  disc;  stalks  long  and 
jointed  and  branching:  1  genus. 

UxvATEUJL  Leidy.  With  the  char- 
a4!ter8  of  the  family:  1  species. 

U.  gradlisf  Leidy  (Fig.  404).  Stalk  up  to  4  mm.  long;  calyx  about 
a  tenth  as  long  and  bell-shaped;  usually  2  zooids  in  a  colony:  on  the 
under  side  of  stones  in  running  water,  in  the  eastern  and  central  states. 

*  See  "Loxoeonia  davenportiy"  by  W.  S.  Nickerson,  Jour.  Morph.,  VoL  17, 
p.  851,  1901. 

t  See  "On  Umatella  gracilis,'*  by  C.  B.  Davenport,  BnlL  Mns.  Comp.  ZooL,  VoL 
2^1898. 


Flff.  404 
Umatella  graoWa : 
three  Individuals 
(Davenport). 


Fauilt  3.    PEDICELLINIDAE. 

Colonial  marine  Entoprocta  in  wbich  the  zooids  rise  from  a  creeping, 
branching  stolon;  the  stalk  is  long  and  separated  from 
the  calyx  by  a  diaphragm:  2  genera. 

PlDlOSLUMA  Sars.    With  the  characters  of  the  fam- 
ily: 6  species,  3  in  Long  Island  Sound. 

P.  cenina  (Pallas)    (P.  nutans  Dalyell;  P.  americama 

'  Leidy)    (Fig.   405).    Calyx   cup-sbaped   with   12   to   24 

Pet&eiuna        tentacles;   stalk   yellowish-red   in   color,   with    or  witbont 
tfliiered  from     Spines  On  Stalk  and  calyx  and  tapering  towards  the  top: 
i.iDontb'  on  afaellB  and  algae  in  shallow  water;  Atlantic  coast,  from 

3, ■bmt.ch.        Labrador  to  Florida;  Europe;  often  common. 

Class  2.     EOTOFBOOTA. 

Bryogoa  living  in  large  oolonies,  in  which  the  anus  is  oatside  Uie 
lophopbore  and  this  stmctnre  with  the  tentacles  can  be  retracted  into 
the  zocecium  (Fig.  406).  The  body  cav- 
ity is  an  exteuaive  space  which  is  lined 
throughout  by  a  peritoneum  consisting 
either  of  a  single  layer  of  cells  or  thin 
layers  of  an  irregular  cellular  parenchy- 
ma. In  certain  species  the  body  cavities 
of  the  zooids  communicate  with  one  an- 
other. The  digestive  tract  is  a  wide 
ciliated  U-shaped  tube,  the  aboral  por- 
tion of  which  is  the  sac-shaped  stomach. 
Joining  the  aboral  end  of  the  latter  or- 
gan with  the  base  of  the  body  cavity  is 
a  mesenterial  strand  called  the  funiculus. 
The  animals  are  hermaphroditic,  the 
gonads  developing  in  the  peritoneum,  the 
testes  usually  on  the  funiculus  and  the 
ovaries  on  the  lateral  walls.  The  ova  and 


(ChnoBtomlfl).^ 


___.'nded   BnlniBl    (Delate   et    H«- 
sperm,  except  in  the  fresh-water  species,       rooard).   l,  lopboptiore ;  2,  month ; 
'^  '        3,  anus ;    4.  opermiDin '    D,  retrac- 

fall  into  the  body  cavity,  where  fertili-      ttie  muMie:   6,  faDlcDia*:   7,  di- 

geBtiTe  tract ;  8,  »oi»clnai. 

zation  takes  place.     The  eggs  develop 

in  the  body  cavity  up  to  the  larval  stage  in  certain  species,  when 
the  young  animals  reach  the  outside  either  through  a  birth  tqwning 
or  as  the  result  of  the  disint^ration  of  the  parent.  In  other  forms  the 
fertilized  eggs  pass  into  special  outgrowths  of  the  body  wall  called  Otscia 
or  ovicells  (Fig.  414,1)  and  develop  there.     In  the  Phi/lactolamata  the 
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embryo  develops  in  the  ovary,  receiving  nutriment  directly  from  th(» 
body  cavity. 

All  ectoprocts  develop  also  asezually  by  budding,  and  thus  produce 
the  branching  and  incrusting  colonies  which  characterize  the  group.  In 
many  species  polymorphic  zooids  appear  which  differ  much  from  the 
others  in  structure  and  perform  certain  specialized  functions.  These  are 
the  ooBcia,  which  are  brood  chambers,  above  mentioned,  the  avicularia 
(Fig.  411, A),  birdhead-like  structures  which  seize  small  animals  in 
their  jaws,  and  are  probably  defensive  in  function  but  also  function  in 
keeping  the  su)rface  of  the  colony  clean,  and  the  vibracula  (Fig.  411,  B), 
whip-like  appendages  which  wave  about  in  the  water  and  are  also  defen- 
sive. In  the  fresh-water  PhylactoUsmata  disc-like  buds  called  statoblasts, 
which  have  a  hard  chitinous  shell,  develop  on  the  funiculus  and  either 
f  oat  or  drop  to  the  bottom  on  the  death  of  the  animal  in  the  fall  of  the 
year  or  in  periods  of  drought.  In  the  spring  or  on  the  return  of  the  wet 
season  each  statoblast  gives  rise  to  a  young  colony. 

The  Ectoproda  have  great  powers  of  regeneration.  Periodically  in 
the  marine  species  the  soft  parts  of  the  animal,  with  the  exception  of  the 
body  wall,  break  down  and  form  a  single  round  mass  called  the  brown 
body.  Later  new  organs  develop,  the  brown  body  apparently  being 
expelled  from  the  body  as  waste  matter. 

Kidneys  have  not  been  certainly  demonstrated  in  Ectoproda,  No 
blood  vessels  are  present,  but  a  blood  fluid  fills  the  body  cavity.  The 
nervous  system  consists  of  a  ganglion  between  the  mouth  and  anus  and 
nerves  radiating  from  it:  in  many  species  no  nervous  system  has  yet 
been  seen.  No  special  sense  organs  are  found.  The  class  contains  2 
orders  and  the  great  majority  of  all  Bryozoa, 

Key  to  the  orders  of  Ectoproda: 

mi  Mostly  marine  Edoproda,  with  a  circular  lophophore 1.  Gymnolsmata 

o.  Fresh-water  Edoprocta  with  a  horseshoe-Bhaped  or  oval  lophophore. 

2.  Phyiactoubmata 

Order  1.    GYMNOUEMATA. 

Lophophore  circular;  mouth  can  usually  be  closed  by  a  flap  called 
the  operculum;  vibracula,  avicularia,  and  ooecia  often  present:  marine 
Bryozoa  (excepting  the  Palitdicellidae)  including  about  1,700  species, 
which  are  grouped  in  3  suborders. 

Key  to  the  suborders  of  Gymnolamata: 

Ox  Opening  of  zooecium  wide  and  circular  and  not  capable  of  being  closed 

by  an  operculum 1.  Ctclostomata 

0,  Opening  of  socBcium,  when  lophophore  is  retracted,  more  or  less  flattened 
and  capable  of  being  closed  by  an  operculum. 

6^  Operculum  a  movable  horn-like  valve 2.  Chilostomata 

kg  Operculum  composed  of  a  fringe  of  setae 3.  Ctenostoilata 
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StJBOBDBB  1.    CYCLOSTOMATA. 

ZooBcia  tubular,  in  most  cases  densely  calcareous,  with  a  wide  ter- 
minal, circular  opening,  and  without  operculum,  avicularia,  or  vibracula : 
4  families. 

Key  to  the  families  of  Cyclostomata  here  described: 

Hi  Colony  distinctly  jointed,  and  erect 1.  Cbisizdax 

0,  Colony  not  distinctly  jointed,  and  either  recumbent  or  erect. 

&i  Colony  usually  branching  and  recumbent,  or  more  or  less  erect  (discoid 

in  Diaaiopora) 2.  Tubuupobidab 

hg  Colony  discoid 3.  Lichenofobidax 

Faiolt  1.    CBISnDAE. 

Colony  erect  and  branching,  calcareous  and  with  horn-like  joints  so 
that  it  is  more  or  less  flexible,  with  jointed  and  often  branching  root 
fibers  given  off  from  the  base  or  from  the  intemodes  which  serve  to 

fasten  it;  zocBcia  in  1  or  2  rows;  ten- 
tacles 8  in  number;  large  ooBcia  pres- 
ent: 1  genus. 

Orzsza  Lamouroux.  With  the 
characters  of  the  family:  about  35 
species. 

Colony  white  in  color,  forming  bushy 
tufts  from  8  to  25  mm.  high;  zocecia  in  2  rows  and  alternate,  slight^ 
curved  out,  almost  entirely  adnate:  cosmopolitan;  common  from  Long 
Island    Sound    to    Arctic    Ocean;    California; 
Europe;  from  low-water  mark  to  80  fathoms. 

Family  2.    TTJBULIPOEIDAE. 

Colony  entirely  creeping  and  incrusted  or 
more  or  less  erect,  either  simple  or  branched  and 
often  radiating  from  a  central  point ;  zooBcia  in 
1  or  several  rows,  adhering  to  one  another  lat- 
erally, with  the  upper  end  more  or  less  free: 
about  5  genera. 

TvBULiFO&A  Lamarck.  Colony  entirely  re- 
cumbent or  partially  erect,  forming  a  variously 
shaped  expansion,  either  simple  or  branched; 
zooids  tubular,  arranged  in  divergent  series: 
about  29  species. 

T.  flabellaris  (Fabricius)  (Fig.  408).  Colony  12  nmi.  in  diameter,  of 
a  pale  purplish  color,  flabeUate  when  young,  but  more  or  less  circular  and 
lobed  when  old;  zooBcia  punctate,  long,  and  slender,  .15  nmi.  in  diame- 


Fig.  407 — Cri9ia  ebumea  (Osbnm). 


a  ebumea  (L.)  (Fig.  407). 


riff.  408 

TutntUpora  /labeRdrte 

(Osbnrn). 
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ter,  crowded  together  and  radiating  from  the  eenter  to  the  edge,  and 
with  the  outer  ends  erect:  Long  Island  Sound  to  Greenland,  on  algae, 
etc.,  in  shallow  water;  Europe. 

T.  fimbria  Lamarck.  Colony  12  mm.  in  size;  fan-shaped  and  lobed; 
zooBcia  slender,  not  raised  at  the  outer  ends,  and  wrinkled  transversely: 
in  shallow  and  deep  water;  North  Atlantic;  Europe. 

T.  liliacea  (Pallas)  (T.  pruinosa  Stimpson).  Colony  about  9  mm. 
high  and  white,  or  often  purple  and  punctate;  branches  in  same  plane: 
Atlantic  coast;  Europe;  on  shells,  hydroids,  etc. 

Familt  3.    LIGHENOPOBIDAE. 

Colony  discoid,  flat,  or  more  or  less  raised,  forming  either  a  simple 
disc  or  several  confluent  ones;  zooBcia  partially  erect,  forming  distinct 
rows  which  radiate  from  a  large  central  free  area  and  are  not  close 
together,  the  spaces  between  being  porous :  2  genera. 

LiOEEHOPOiiA  Defrance  (Diacoporella  Gray).  Colony  thin  and  lami- 
nate, sometimes  composite:  about  30  species. 

L.  hispida  Fleming.  Single  disc  up  to  6  mm.  in  diameter;  each  indi- 
vidual with  10  short  tentacles:  Notth  Atlantic,  on  shells,  algae,  etc.,  from 
moderate  to  great  depths;  often  common;  Europe. 

L.  yermcaria  (Fabricius).  Disc  3  mm.  in  diameter;  zocecium  with 
a  rib:  North  Atlantic,  south  to  Long  Island  Sound;  common;  Europe. 

Suborder  2.    CHILOSTOMATA.* 

Colonies  either  erect  or  recumbent;  zooids  tubular,  oval,  or  rectan- 
gular, and  calcareous,  horn-like,  or  membranous,  the  opening  usually  not 
terminal  and  usually  closed  by  a  movable  operculum  (Fig.  406) ;  avicu- 
laria,  vibracula,  and  ooecia  usually  present:  about  36  families,  all  being 
marine,  including  the  majority  of  Bryozoa. 

Key  to  the  families  of  Cl^XoBtomata  here  described : 

Oi  Colony  not  incrusting  or  foliaoeous  but  usually  dendritic. 
hx  Colony  composed  of  a  creeping  base  and  erect  shoots ;  no  avicolaria  or 
vibracula. 

Ox  Zooids  rising  separately  from  the  base 1.  ^TEinAR 

c^  Erect  shoots  composed  of  many  sooids  each 2.  Eucba.teu>as 

d.  Colony  dendritic,  without  a  creeping  base. 
Cx  Avicalaria  sessile  and  fixed. 
dx  Colony  slender. 

.    e^  Branches  flattened 3.  Cellulabiidar 

e%  Branches  cylindrical y 5.  Cellabiidae 

d;  Colony  foliaoeous 6.  FLUSTBinAX 

o^  Avicularia  pedunculate  and  jointed 4.  BiOELLABnnAX 

^  See  "Non-incmsting  Chllostomatoiui  Bryosoa  of  the  West  Coast,"  by  Alice 
Robertson,  Univ.  of  Cal.  Pub.,  Vol.  2,  p.  235,  1905.  "The  Incrasting,"  etc.,  by  same, 
ditto.  Vol.  4,  p.  258,  1008.  "The  Chllostomatous  Bryosoa/'  by  G.  M.  R.  Levlnson,  1900. 
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o»  Colony  incrosting  or  foliaceous  and  strongly  calcified. 
&s  Colony  incrusting ;   front  wall  more  or  less  membranooB. 

Ci  No  ridgea  on  front  wall 7.  Membbanifobidae 

Ca  Front  wall  with  prominent  transverse  or  radiating  ridges. 

8.  CBTRBn.TWIPAB 

&a  Front  wall  not  membranous ;  colony  either  incrusting  or  erect. 

Ci  With  a  pore  beneath  the  orifice 9.  Micbofobellidae 

Ot  With  no  such  pore. 
di  Zooecia  not  perpendicular  to  general  plane  of  colony  and  usually 
incrusting. 
ei  Opening  of  zooecium  with  an  indentation  in  lower  lip.  .10.  Mtbiozoidab 

01  No  such  indentation 11.  Bschabida* 

d,  Zooecia  vertical  and  heaped  irregularly  together 12.  Cellbfobidae 

Familt  1.    ^TEIDAE. 

Zocecia  tubular  and  erect,  rising  separately  from  a  ereeping  stolonic 
stem  with  a  terminal  opening  and  a  lateral  membranous  area  at  the 

upper  end;  operculum  subterminal;  no  avieularia 
:^.ii,^**5'      or  vibracula:  1  genus. 

JEtba  Lamourouz.    With  the  characters  of 
the  family:  9  species. 

A.  angoina  (L.)  (Fig.  409).  Zooscia  about  1 
mm.  high,  white  and  glossy,  more  or  less  bent, 
with  a  spatulate  upper  end  and  a  ringed  stalk; 
stolon  with  regularly  occurring  thickenings,  each 
of  which  is  part  of  a  zocBcium:  Long  Island 
.:::^;;'vi7S.  Sound  northwards  from  shallow  to  deep  water  on 

hydroids   and   seaweed;   often  common;   Pacific 
Fig.  409  "^  ,.  ' 

^teaanguina  iOaboTu),      coast;  cosmopolitan. 

Family  2.    EUCBATEIDAE. 

Colony  erect  and  branching;  the  zooecia  narrowest  at  the  base  and 
expanding  upwards,  being  linked  together  in  a  single  row,  or  in  double 
rows  placed  back  to  back;  openings  usually  oblique; 
no  avieularia,  vibracula,  or  opercula:  5  genera. 

1.  EircBATBA  Lamourouz.  Colony  composed  of  a 
creeping  stolon  and  erect  branching  shoots;  zooecia  in 
a  single  row  placed  end  to  end;  opening  large  and  oval; 
ooecia  terminal ;  tentacular  sheath  terminating  above  in  p.    .^^ 

a  ring  of  setae:  about  4  species.  Suonuea  oA«lato 

J*  ^  (Osburn). 

L.  chelata  (L.)   (Fig.  410).     Colony  often  much 
branched,  occasionally  not  erect;  branches  spring  from  just  below  the 
opening:  Vineyard  Sound  northwards,  on  seaweed,  stones,  etc.,  in  shal- 
low   water    and    between    tide    lines;    often    common;    Pacific    coast; 
cosmopolitan. 
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2.  OsMBLLABiA  Savigny.  Colony  erect,  branching;  zocBcia  joined 
baek  to  back,  the  pain  rising  from  the  top  of  one  another;  apertnre 
large:  several  speeies. 

O.  loricata  (L.).  Colony  bashy,  up  to  20  cm.  high,  brown  in  color, 
eompoeed  of  long,  straight  branches;  zocBcia  narrowed  below;  aperture 
oval:  in  northern  seas;  Vineyard  Sound  northwards;  Alaska;  Europe. 


Family  3.    GELLULABIIDAE. 


Colonies  erect,  dichotomously  branched ;  zocecia  in  2  or  more  rows  in 

the  same  plane;  avicularia  and  vibracula  (Fig.  411),  or  the  former  alone, 

almost  alwa3rs  present;  opening  not  terminal, 

usually  armed  with  spines  and  usually  with 

an  operculum:  8  genera. 

1.  Mehzpea  Lamourouz.    Colony  jointed, 

zocBcia  oblong,  widest  above,  attenuated  down- 
ward,   usually    with    sessile    avicularia    and 

ocBcia;    no    vibracula:    about    20    species,    7 

American,  mostly  on  the  Pacific  coast. 

M.  temata  (Ellis  and  Solander).   Colony 

in  small  tufts,  25  mm.  high;  zooecia  in  2  rows, 

alternate  and  arranged  in  groups  of  3;  long 

fibers  extend  from  the  zooBcia:   circumpolar; 

Cape  Cod  northwards  from  shallow  to  deep  water,  on 
hydroids  and  shells;  Europe;  Pacific  coast. 

2.  Cabsbsa  Lamourouz.  Colony  not  jointed; 
zooBcia  in  2  or  more  rows,  quadrangular  or  ovate,  with 
a  very  large  opening;  sessile  avicularia  and  enormous 
vibracula  as  well  as  long,  clasping  fibers  present :  about 
15  species,  1  American. 
C.  ellisi  (Fleming)  (Fig.  412).    Colony  with  numerous  branches,  25 

mm.  high;  zocBcia  in  2  to  4  rows  and  quadrangular;  vibracula  very  long 

and  serrate:  circumpolar;  Vineyard  Sound  northwards,  from  shallow  to 

deep  water;  often  conmion;  Europe;  Alaska. 


Fig.  411 

A,  an  ayicalarlum 

B,  a  TlbraculQin 

(Delage  et  HCroaard). 

1,  nerve ;  2,  muscles. 


-^••^  1. 


Fig.  412 

Caherea  eiUH 

(Osbnm). 


Familt  4.    BICELLABIIDAE. 

Colony  erect  and  branching;  zooecia  obliquely  placed  in  2  or  more 
rows  and  conical  or  rectangular;  stalked  avicularia  usually  present  and 
no  vibracula;  ooeda  at  the  upper  end  of  the  zooBcia:  16  goiera. 

1.  BzcoaxAXXA  Blainville.  Zooecia  cornucopia-shaped,  loosely  joined 
together  and  directed  obliquely  sideways :  about  15  species. 


.  I 
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B.  cOlAta  (L.)  (Fig.  413).  Colony  foiming  featheiy  tofts  12  nmi. 
high,  white  in  color;  zooBcium  with  4  to  7  very  long  slender  spines  along 
its  upper  margin:  Atlantic  coast,  on  hydroids  and  algae;  Europe. 

2.  BvauLA  Oken.  Zooecia  more  or  less  quadrangular, 
arranged  in  2  or  more  rows;  opening  large,  not  oblique; 
avieularia  in  form  of  a  bird's  head:  about  35  species,  9 
on  the  Atlantic  coast,  8  on  the  Pacific. 

Key  to  the  species  of  Bugula  here  described: 

Ox  ZooBcia  in  2  rows B.  TUioaTA 

mfii^rtA         ^  ZooBda  in  8  or  more  rows. 

o&iata  ^  Avicalaria  not  at  base  of  aperture B.  ixabelulta. 

(Osbum).  5,  Avieularia  at  base  of  aperture .B.  icubbatana 

B.  turrita  (Desor).  Colony  up  to  30  cm.  or  more  in  height,  com- 
posed of  flat  branches  gprowing  in  spirals,  each  branch  with  2  rows  of 
nxBcia,  each  zocBcium  with  a  spine  on  the  outer  upper  angle;  color  yellow: 
North  Carolina  to  Casco  Bay,  very  common  in  shallow  water. 

B.  flabellata  (Thompson)  (Fig.  414).    Colony  up  to  25 
mm.  high,  composed  of  broad  fiat  branches,  each  with  from      •• 
3  to  7  rows  of  zooBcia,  each  upper  angle  with  2  spines;  of 
an  ashy  color  when  dried,  flesh  color  when  alive :  Vineyard 
Sound  and  northwards  in  shallow  water;  common;  Pacifio       ^' 
coast;  cosmopolitan. 

B.  mnrrayana  (Johnston).    Colony  a  bushy  tuft  up  B«i4te 
to  50  mm.  high  and  like  the  above,  with  3  to  12  rows  of         /^bura? 
zocBcia;  each  upper  angle  with  a  stout  erect  spine  and     ^  ayT^urinm 
1  to  5  long  slender  spines  on  each  lateral  margin;  long 

clasping  fibers  present;  ooBcia  with  radiating  striae;  straw  color  when 
dry:  circumpolar,  south  to  Vineyard  Sound  in  rather  deep  water; 
Europe;  Pacific  coast. 

Familt  5.    CELLABUDAE. 

Colony  erect,  slender,  cylindrical,  calcareous,  usually  dichotomously 
branching  and  jointed ;  zooeeia  in  1  or  more  rows,  loisenge-shaped  or  hex- 
agonal and  arranged  in  series  around  a  central  axis,  making  the  branch 
cylindrical:  8  genera. 

CxLULBiA  Lamouroux.  Colony  jointed,  the  intemodes  connected  by 
flexible  homy  tubes;  zooBcia  surrounded  by  a  raised  border;  avieularia 
of  simple  type,  resembling  the  ordinary  zooBcium;  ooBcia  concealed,  the 
opening  being  just  above  the  mouth :  several  species. 

C.  fistulosa  (L.)  (Fig.  415).  Shape  of  zococium  variable;  orifice 
arched  above,  slightly  incurved  below;  area  surrounding  it  minutely 
pitted;  avicularium  just  above  it  and  in  the  same  line  with  the  zocBcium; 


opening  of  (xeeinm  Toand  or  ov&l:  a  northern  Bpeoies;  on  rocks,  shells, 
ete^  £rom  shallow  to  deep  water. 

Family  6.    FLUSTBIDAE. 

Colony  hom-Uke  and  flexible,  erect,  expanded,  and  foliaeeona,  muall; 
consisting  of  broad  branches  attached  by  a  narrow  base;  zooeoia  contigi»- 
ons  and  maltiserial :  6  genera. 

n.mntA  L.  Colony  frond-like;  zooecia  in  1  or  2  layers,  more  or  leas 
qnadrangolsx  in  form,  ronnded  above,  with  a  raised  margin;  avicolaria 


ris.  416 — riattn  /otuetn 


HTeral  ■ooldi. 


Fl«.  41S— (7«llarla  ;l«(Hlo(a  (Cambriaga  NatDTBl  BlwtoTj).    Pi| 

(Cambridge  Natural  Hlitor;).    A,  eotlre  colon;;  B. 

Big.  417 — jrntbronfpora  pltojd  (OaDam 

resembling  the  zotecium  and  usually  in  line  with  them;  ocBcia  concealed: 
several  species. 

F.  follacaa  (L.)  (Fig.  416).  Colony  brownish  is  color,  with  a  dis- 
tinct odor  of  violets  when  fresh,  up  to  15  cm.  high;  Eocecia  in  rows  and 
in  2  layers  with  2  spines  on  a  side;  ocscia  very  shallow,  the  opening 
forming  an  arch  over  the  upper  end  of  the  zoceeium :  a  northern  species 
occurring  on  stones,  shells,  etc.,  in  shallow  water, 

Faiolt  7.    MEM6BANIP0BIDAE. 

Colony  calcareous  or  partly  membranous  and  flattened,  being  in- 
emsted  on  stones,  shells,  or  seaweed,  occaraonally  erect ;  zooecia  often  more 
or  less  rectangular  and  with  raised  mai^ins:  several  genera,  with  150  species. 

MzKBaaxiPOSA  Blainville.  Zocecia  with  raised  margins  and  a 
depressed  front  wall  which  is  wholly  or  partly  membranoos,  and  placed 
beside  one  another  horizontally,  forming  a  more  or  less  irregular  crust:  12 
speeies  near  Woods  Hole. 

H.  pQosa  (L.)  (Fig.  417).  Zocecia  ovate,  narrowed  below,  thickly 
punctured  with  minute  oval  porea  and  often  with  a  silveiy  sheen ;  margin 
thickened,  with  4  to  12  spines  and  just  below  it  a  corneous  spine,  some- 
times short  and  sometimes  very  long;  no  o«eci»:  on  stones,  etc,  from  tide 
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lines  to  deep  water,  from  Long  Island  Sound  to  the  Arctic  Ocean;  veiy 
common;  cosmopolitan. 

M.  monostachys  Busk.  Colony  irregular,  often  radiate;  zooBcia  oval 
and  elongate,  with  usually  6  to  10  pairs  of  marginal  spines,  of  which  the 
upper  pair  is  directed  upwards  and  the  others  bend  inwards,  often  meet- 
ing in  the  middle;  a  single  large  basal  spine  is  directed  forwards  and 
may  be  the  only  spine  present;  avicularia  wanting;  ocecia  wanting:  on 
stones,  shells,  seaweed,  etc.,  from  shallow  to  deep  water;  New  Jersey  to 
the  Arctic  Ocean ;  cosmopolitan. 

M.  craticula  Alder.  Zooecia  small,  in  regular  radiating  linear  rows, 
oval;  margin  with  about  14  flattish  spines,  of  which  the  upper  2  are 
erect;  the  others  extend  across  the  cell,  meeting  in  the  middle  of  it;  an 
avicularium  often  at  the  margin  of  the  cell:  on  shells,  etc.,  the  colony 
forming  small  flabellate  or  roundish  patches  with  a  spongy  appearance; 
from  shallow  to  deep  water;  Arctic  Ocean  to  Long  Island  Sound. 

Family  8.    GBIBBILINrDAE. 

Colony  incrusting  or  erect;  zocBcia  with  the  front  wall  more  or  less 
fissured  or  traversed  by  radiating  furrows :  6  genera. 

CBXBBZLnrA  Gray.  Colony  incrusting;  zooecia  contiguous;  opening 
semicircular:  about  20  species. 

C.  punctata  (Hassall).  Zooecia  oval,  covered  with  small  punctures, 
often  arranged  in  rows;  4  or  5  marginal  spines  with  usually  an  avicu- 
larium on  each  side  of  the  orifice;  ooecia  rounded:  Vineyard  Sound  and 
northwards;  in  shallow  water;  common  on  shells  and  pebbles;  Europe. 

C.  annulata  (Fabricius)  (Fig.  418).  Zooecia  ovate,  convex,  very 
distinct,  with  a  median  keel  and  about  6  transverse  rows  of  punctured 
furrows;  sometimes  with  3  or  4  marginal  spines;  colony  forming  small 
reddish  crusts:  on  stones  and  kelp,  from  shallow  to  deep  water;  often 
common  north  of  Cape  Cod;  Europe. 

Faiolt  9.    MICBOPOBELLIDAE. 

Colony  either  incrusting  or  erect  and  foliaceous  or  dendritic;  orifice 
more  or  less  circular  and  with  a  straight  lower  margin  and  a  semilunate 
or  circular  median  pore  immediately  below  it :  3  genera. 

MzOBOPORELiA  Hincks.  Colony  incrusting;  orifice  semicircular: 
several  species. 

M.  dliata  (Pallas)  (Fig.  419).  Colony  forming  a  delicate,  irregular 
crust  with  a  frosty  sheen  on  seaweed,  shells,  etc.;  zooecia  obecurdy  hex- 
agonal and  punctate;  orifice  bearing  3  to  7  long  spines,  which  may  be 
wanting;  median  pore  lunate;  large  avicularium  on  one  side  with  (m  locate 
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mandible  often  prolonged  into  a  long,  slender  spine ;  ocDcia  globose,  above 
the  zocBcium:  cosmopolitan;  from  tide  lines  to  300  fathoms. 

Family  10.    MYBIOZOIDAE. 

Colony  incrusting  or  rising  in  a  foliaceous  or  dendroid  expansion; 
zocBeia  calcareous  without  raised  margins  or  membranous  area;  opening 
with  an  indentation  in  the  lower  lip :  5  genera. 

SoHizoPGBEiXA  Hincks.  Colony  incrusting,  sometimes  several  lay- 
ers thick,  or  occasionally  forming  foliaceous  expansions;  avicularia 
usually  lateral:  over  100  species. 

8.  uaicomis  (Johnston)  (Fig.  420).  Zooecia  ovate  or  rectangular 
with  a  punctate  surface,  often  silvery  in  appearance,  an  avicularium  on 
one  or  both  sides  of  the  opening;  orifice  circular;  ocBcia  globose,  with 


Fig.  418  Fig.  419  Fig.  420 

Fig.  41S--OribfiUtM  annulaia  (Osburn).     Fig.  419 — Mioroporella  oiUata  (Osburn). 

fig.  420 — Sohizoparella  unioami$  (Osburn). 

radiating  grooves;  colony  forms  a  white  or  reddish  spreading  crust:  South 
Carolina  to  Massachusetts  Bay;  from  tide  lines  to  deep  water,  on  shells, 
stones,  etc.;  often  very  common;  Europe. 

8.  liyalina  (L.).  Zocecia  elliptical,  arranged  irregularly  in  radiating 
rows;  surface  smooth  and  shiny,  often  glassy  and  transparent;  opening 
terminal  variable  in  shape,  sometimes  without  the  indentation;  o<Bcia 
globose  and  punctate :  Long  Island  Sound  to  the  Arctic  Ocean  from  tide 
lipes  to  deep  water;  on  stones,  etc.,  and  often  forming  nodules  on  hydroids; 
cosmopolitan;  California. 

Family  11.    ESCHABIDAE. 

• 

Colony  calcareous  and  incrusting,  or  erect,  being  lamellate  or  den- 
dritic; zooBcia  without  raised  margins  or  membranous  area;  sometimes 
with  secondary  opening,  either  elevated  and  enclosing  an  avicularium  or 
not:  numerous  genera. 

1.  Levralza  Johnston.  Zooecia  usually  ovate,  with  a  more  or  less 
horseshoe-shaped  orifice  which  is  arched  above  and  straight  and  often 
narrow  below;  colony  incrusting  or  foliaceous,  often  radiating  from  a 
central  point:  about  70  species. 
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L.  paUiaiaiu  (HoU)  (Fig.  421).    Zocbcib  lai^  and  coanel;  pnne- 

tate;  orifice  large,  contracted  on  each  dde  below  the  middle,  often  with 

an  avioularium  below  the  lower  horder;  peristome  raised  and  prominent; 

no  ocBcia;  colonies  forming  Du^,  reddish  crusts:  common; 

New  Jersey  to  the  Arctic  Ocean,  between  tide  lines  and  in 

shallow  water. 

It.  pertnsa  (Esper).    Zotecia  large,  swoUen,.panctate; 

orifice  ronnd,  contracted  below  by  2  lateral  denticles,  with 

osnally  a  tubercle  below  it;  otecia  globose:  Gulf  of  St. 

Lawrence  to  Florida,  on  shells,  etc.,  from  shallow  to  deep 

water;  colored  patches  radiatii^  from  a  common  center; 

Europe. 

Vm^Sk  ^'  ^o*""^  Gray.    Zoiecia  ovate  or  elongate,  with  a 

P?f™*»^         semicircular  orifice,    above  which   is  a  secondary   orifice, 

this  being  elongate  or  more  or  less  triangular  and  enelos- 

ii^  an  avicularium;  colony  incmsting  or  erect  and  foliaceous. 

P.  concinna   (Busk).     ZocEcia  granular,  arranged  in  lines;  orifice 
archedabove,  with  2  spines,  frequently  with  a  raised  margin;  avicalarinm  on 
lower  lip;  ooecia  globose,  prominent,  often  with  a  puncture 
in  front:  Cape  Cod  to  Gulf  of  St.  Lawrence,  colony  form- 
ing  large  circular  reddish  patches;  Europe;  California. 

3.  SmmvA  Norman.  Zooscia  more  or  less  quad- 
rangular, with  a  small  circular  orifice  which  is  surrounded 
'  by  an  elevated  ridge  or  peristome;  primary  orifice  dentate, 
secondary  orifice  with  a  sinus  in  front;  colony  incrusting  or 
erect  and  foliaceous:  numerous  species.  Sni'tMM 

8.  trlQiinosa  (Johnston)  (F^.  422).  Zofflcia  ovate,  (!^^ 
very  variable;  orifice  variable,  usually  round  or  pear- 
shaped,  often  being  narrowed  below,  with  2  to  4  spines  on  young  indi- 
viduals, frequently  with  a  large  avicularium  at  one  side,  occasionally 
with  1  or  2  small  oval  avicularia;  ocecia  lai^,  globose,  nsually  with 
2  or  3  pnnctnres:  Atlantic  coast,  colonies  forming  large 
yellow  or  whitish  crusts;  Europe;  Pacific  coast. 

4.  UvOBOHXLU  Hincks.  Zotscia  with  a  semieii^ 
cular  or  reniform  opening,  the  margin  being  elevated  in 
front  and  with  a  prominent  tooth  below;  colony  in- 
crusting;  about  60  species. 

11  paachl  (Johnston)  (Fig.  423).  Zoceeia  ih«D- 
boidal;  opening  lai^,  with  6  slender  marginal  qtines 
which  may  be  wanting  in  old  individuals;  ocecia  small: 
Long  Island  Sound  to  the  Arctic  Ocean,  from  tide  lines  to  deep  water, 
oolony  forming  a  large  whitish  irr^ular  patch  of  solid  texture;  Enr6pe. 
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Faiolt  12.    GELXiEPOBIDAE. 

ZooBcia  calcareous,  tabular,  more  or  less  erect,  with  a  terminal  open- 
ing, and  irregularly  heaped  together;  colony  usually  incrusting,  often 
composed  of  many  layers  of  cells ;  sometimes  erect :  2  genera. 

Obixsvoba  Fabricius.  With  the  characters  of  the  family:  numer- 
ous species. 

0.  americana  Osbum.  Colony  incrusting  or  rising  in  nodular 
branches  a  few  millimeters  high,  growing  on  hydroid  and  bryozoan  stems 
and  algae;  zooecia  ovate,  more  or  less  erect,  heaped  upon  one  another  and 
turned  in  various  directions;  orifice  circular  with  a  notch  and  a  rostrum 
which  overhangs  it  and  an  avicularium  at  its  base:  Long  Island  to  Arctic 
Ocean;  often  common. 

0.  pumicosa  (L.).  Colony  massive,  scabrous,  composed  of  many  lay- 
ers of  pinkish  color  when  fresh;  zooBcia  subcylindrical  or  ovate,  smooth, 
erect,  crowded;  orifice  round,  with  a  thin,  raised  margin,  immediately 
below  which  a  tall  rostrum  bearing  an  avicularium  is  often  present: 
Atlantic  and  Pacific  coasts,  covering  stones  and  sheUs  in  shallow 
water;  common. 

SuBOBDEB  3.    CTENOSTOMATA. 

Opening  terminal  and  closed  by  an  operculum  of  setae  set  in  a 
thin  membrane;  zooBcium  never  calcareous  but  fleshy  or  membranous; 
no  avicularia,  vibracula,  or  occcia:  11  families,  10  of  which  are  marine. 

Key  to  the  families  of  Ctenosiomata  here  described: 

«^  Animals  marine. 
ht  Colony  fleshy,  forming  irregolar,  incrusting  or  erect  masses. 

Ci  Opening  of  Bocecium  not  bilabiate 1.  ALOTOinDnnAB 

Ob  Opening  with  2  distinct  lips 2.  FLUSTBELunAB 

h^  Colony  branching,  either  recumbent  or  erect. 

c^  All  tiie  tentacles  erect,  forming  a  circle 3.  VBSlcULAKnnAB 

Ca  Tentacles  not  in  a  circle,  2  being  turned  back 4.  VALKEBnuAB 

Of  Animals  in  fresh  water 5.  PALuniCBLLiDAB 

Family  1.    ALCYON  IDllDAE. 

Colony  fleshy  or  membranous,  forming  either  an  expanded  and  gelat- 
inous crust  on  seaweed  or  rocks,  or  being  erect  and  cylindrical  or  com- 
pressed; zooBcia  closely  joined  and  developing  by  budding  from  one 
another  and  not  from  a  stolon;  opening  closed  by  an  invagination  of  the 
tentacular  sheath:  1  genus. 

ALCTOVZDnni  Lamourouz.  With  the  characters  of  the  family:  18 
species. 

A.  mytili  Dalyell.  Colony  an  extensive  gelatinous  crust,  cylindrical 
or  somewhat  flattened,  and  irregular  in  shape  and  reddish,  gray,  or  yel- 
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lowish  in  color;  zooBcia  hexagonal,  closely  packed  together:  from  the  Arctic 
Ocean  south  to  Long  Island  Sound,  on  stones,  piles,  crabs,  etc.,  from  tide 
lines  to  deep  water;  Europe. 

A.  hirsutun  (Fleming)  (Fig.  424).  Colony  incrusting  or  erect,  com- 
pressed, expanded,  and  branched,  yellowish-brown  or  reddish  in  color, 
the  surface  covered  with  conical  papilla,  between  which  are  the  orifices : 
Long  Island  Sound  to  Arctic  Ocean  in  shallow  water,  incrusting  the 
stems  of  fucus  and  other  plants;  common;  Europe. 

Fahilt  2.    FLUBTBELLIBAE. 

Colony  similar  to  the  above^but  the  opening  is  bilabiate,  with  a 
movable  lip  which  acts  as  an  operculum;  liErva  (Cyphonotttea)  with  a 
bivalve  shell:  1  g^nus. 

Flitstbella  Gray.    With  the  characters  of  the  family :  3  species. 

F.  hispida  (Fabricius)  (Fig.  425).  Colony  a  thick,  brown  crust, 
roughened  by  numerous  reddish  spines;  zocBcium  ovate  or  hexagonal,  with 
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Fig.  424 — Alcyonidium  hirautum  (Osburn).     Ftg.  425 — Flustrella  hispida  (Osbarn). 

Fig.  426 — Bowerhankia  graoilia  (Osburn). 

a  raised  opening  around  which  are  one  or  more  tall,  red  spines,  which  may 
also  be  present  along  the  margin  of  the  cells :  circumpolar,  south  to 
Long  Island  Sound  and  Alaska,  incrusting  the  stems  of  fucus,  etc; 
common;  Europe. 

Family  3.    VEBICULAEIIDAE. 

Colony  horn-like  or  membranous,  branching,  and  either  erect  or  recum- 
bent, the  zooBcia  contracted  below,  budding  off  from  a  distinct  stem: 
5  genera.  ^ 

1.  BowESBAVXiA  Farre.  Colony  recumbent;  zooecia  cylindrical.  In 
clusters  often  spirally  arranged;  8  to  10  tentacles  in  a  circle;  gizzard 
present  between  stomach  and  oesophagus:  20  species. 

B.  gracilis  Leidy  (Fig.  426).  Colony  creeping,  the  cylindrical  zooids 
rising  separately  from  the  recumbent  stem:  coast  of  New  England,  on 
hydroids,  seaweed,  etc. 

2.  AxATEiA  Lamourouz.  Colony  erect;  zooids  in  a  double  series: 
several  species. 
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* 

A.  dichotoma  (Yenill)  (Fig.  427).    Colony  5  cm.  or  more  high  and 

» 

white  in  color,  repeatedly  forking,  a  short,  dark-brown  se^ent  being 
at  the  base  of  each  fork;  zooids  crowded  together  spirally  in  groups  of 
6  to  12  each:  New  Jersey  northwards,  on  algae,  rocks,  etc.,  in  shallow 
water;  often  common. 

Fajolt  4.    VALEEBIIDAE. 

Colony  branching  and  erect  or  recunibent  and  creeping;  tentacles 
8  in  nomber,  2  of  which  are  bent  outwards  towards  the  side  and  6  are 
erect;  zooBcia  contracted  below:  1  genus. 

Valkebza  Fleming.    With  the  characters  of  the  family:  4  species. 


Flff.427  Fis.  428  Fig.  429 

Fig.  427 — Atnathia  dichoioma  (Osburn).    Fif.  428 — Valkeria  uva  (Oflborn) 

( Fig.  ^2»'-^aludicella  ehrenhergi. 

V.  nva  (L.)  (Fig.  428).  Colony  composed  of  delicate  jointed  tubes, 
which  creep  over  seaweed,  hydroids,  or  shells,  or  may  stand  erect  to  a 
height  of  5  to  10  cm.  giving  off  paired  branches;  zooids  in  thick  clusters, 
which  are  principally  at  the  base  of  the  branches  and  on  them:  from 
New  Jersey  northwards,  in  shallow  water;  Europe. 

Family  5.    PALUDICELLIDAE.* 

Colony  with  a  horn-like  or  membranous  cuticula  and  composed  of 
delicate,  jointed,  branching,  recumbent  or  partly  erect  tubes,  which  creep 
over  stones  and  sticks  in  slow  streams  and  fresh- water  ponds:  2  genera. 

Key  to  the  genera  of  Palttdieellidae : 

■ 

Ot  Zooids  recumbent,  not  rising  from  stolons 1.  Paludicella 

a,  Zooids  erect,  rising  from  stolons 2.  Pottsieixa 

!•  Pal172)zoslla  Gervais.  Colony  consists  of  series  of  club-shaped 
zooids  placed  end  to  end  and  separated  from  one  another  by  partitions ; 
opening  lateral;  branches  usually  paired;  no  statoblasts  present  but 
hibemacula  or  winter  buds  which  persist  when  the  rest  of  the  colony 
has  died:  1  species. 

P.  ebrenbergi  van  Beneden  (Fig.  429).  Colony  recumbent  or  partly 
erect;  length  of  zooid  2  mm.;  number  of  tentacles  about  16:  cosmopolitan. 

*  See  "Obseirations  on  Budding  in  Paludicella  and  Some  Other  Bryozoa/'  by 
C.  B.  Davenport,  Bull.  Mns.  Comp.  ZooL,  Vol.  22, 1890. 
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2.  PoTTBiXLLA  EIraepelin.  Colony  consists  of  stolons  from  which 
at  intervals  single  erect,  cylindrical  zooids  arise;  opening  terminal:  1 
species. 

P.  electa*  (Potts).  Length  of  zooid  1.5  mm.;  nnmber  of  tentacles 
about  20 :  Montgomery  County,  Pennsylvania. 

Obder  2.    PHTLACTOK£HATA.t 

Lophophore  oval  or  horseshoe-shaped;  epistome  present,  projecting 
over  the  mouth;  statoblasts  present,  which  usually  have  a  broad  mar- 
ginal band  of  air  cells  called  the  fioat  which  sustains  them  in  the  water: 
in  fresh  water;  3  families  and  about  30  species,  7  American. 

Key  to  the  families  of  PhylactoUemata: 

Ox  Colony  branched,  provided  with  an  opaque  chitinous  or  hyaline  cuticula ; 
statoblasts  without  hooks. 
&i  Lophophore  nearly  circular;  statoblasts  without  float..  1.  Fbedebicellidab 
&a  Lophophore  horseshoe-shaped ;  statoblasts  with  float. . .  .2.  Plumateixidab 

Oa  Colony  massive,  secreting  a  gelatinous  base;  statoblasts  with  float  and 

hooks 3.    CSIBTATELLIDAB 

* 

Familt  1.    FBEDEBICELLIDAE. 

Colony  tubular,  branched  in  form  of  antlers;  lophophore  oval; 
cuticula  opaque  and  brown,  rarely  gelatinous  and  hyaline;  tentacles  not 

over  24;  statoblasts  dark  brown,  elliptical,  with- 
out float :  1  genus. 

1.  Fbede&zcella  Gervais.    Colony  dendritic 

and   either  recumbent   or   erect,   attached   either ' 

entirely   or   partially   to   the   under   surface    of 

stones  or  sticks  in  ponds  and  streams,  usually  in 

dark  places;  lophophore  oval,  bearing  usually  20 

FredericeilaauUana,        to  22  tentacles:  1  American  species. 

'  ^^  B?8tat<S>^ut^     '  F.  sultana  (Blumenbach)  (F.  toalcotltt  Hyatt ; 

(S««w.  p. Dent).  y    p^icKerrima  Hyatt;   F.   regina  Leidy)    (Pig. 

430).  Form  of  colony  differs  in  different  localities,  consisting  of  inter- 
twining branches  which  adhere  to  the  substratum  or  form  a  dense  clump: 
cosmopolitan. 

FAMn.Y  2.    PLUMATELLIDAE. 

Colony  consists  either  of  cylindrical  tubes  which  are  either  branched 
or  form  massive  clumps  or  of  hyaline,  recumbent,  lobed  tubes,  or  of 
hyaline  erect,  slightly  lobed  sacs;  tentacles  40  to  60  on  a  horseshoe-shaped 

*  See  "On  Palndlcella  erecta,"  by  E.  Potts,  Proc.  Acad.  Nat.  Sd.,  1884,  p.  218. 
t  See  "Observations  on  Polysoa,  Suborder  Pbylactolemata,*'  by  A.  Hyatt.  Free. 
Bsiex  Inst,  Tola  4  and  5,  1866-1868. 
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lophophoze;  statoblasts  elliptical,  without  marginal  hooks  but  with  a  float: 
several  genera. 

K^  to  the  genera  of  Plu^atelUdae  here  described : 

Ox  Statoblasts  oval ;  sooids  uniformly  spaced 1.  Plumatblla 

Oa  Statoblasts  lenticular ;  sooids  grouped  at  intervals 2.  Lofhopub 

1.  PLmcATELZJk  Lamarck.  Colony  consists  of  cylindrical,  more  or 
less  branched  tubes,  either  recumbent  or  erect,  which  lie  extended  on 
the  substratum  or  form  a  clump;  40  to  60  tentacles:  about  20  species,  3 
American;  in  ponds  and  streams,  usually  not  in  the  light;  the  commonest 
fresh- water  biyozoans. 

P.  princeps  Kraepelin  (P.  diffusa  Leidy)  (Pig,  431).  Colony  creep- 
ing or  erect,  often  much  branched,  the  branches  sometimes  fused  to- 


B 


Fig.  482 


Flf.  431 — Pluw^atella  princeps.  A.  a  colony  (Davenport)  ;  B,  a  floating  statoblast ; 
C,  a  stationary  statoblast  (Stlssw.  P.  Deut.).  Fig.  432 — Plumatella  polymorpha, 
Al  a  colony  (Davenport) ;  B,  a  floating  statoblast ;  C,  a  stationary  statoblast 
(BflBSW.  F.  Dent). 

gether;  euticula  brown,  with  a  keel  that  broadens  at  the  aperture; 
statoblast  elongated:  cosmopolitan. 

P.  polymorpha  Kraep.  (P.  nitida  Leidy;  P.  arethusa  Hyatt)   (Fig. 
432).    Colony  creeping  or  erect,  often  richly  branched;  euticula  usually 
transparent,  rarely  brown  or  keeled;  statoblast  nearly 
eiiealar,  sometimes  with  angular  margin:  cosmopol- 
itan. 

P.  punctata  Hancock  (P.  veskularta  Leidy;  P. 
vUrea  Hyatt)  (Fig.  433).  Colony  creeping,  often 
thickly  branched;  euticula  colorless,  transparent,  the 
elevated  mouth  cone  bemg  wrinkled  and  spotted  with 
white;  statoblast  nearly  circular:  in  America  and 
ESurope. 

2.  LoFROFVl  Dumortier.    Colony  thick,  erect, 
and  sometimes  lobed;  euticula  gelatinous;  about  60  tentacles;  statoblast 
with  acute  ends;  1  American  species. 

Ii.  cristalUnns  (Pallas)  (Fig.  434).  Colony  up  to  10  mm.  long:  in 
ponds  and  slowly-flowing  streams,  chiefly  on  water  plants;  rare;  America 
and  Europe. 


Fig.  433         Fig.  434 

Fig.  433  — Stato- 
blast of  Plumatella 
punctata  (Sflssw.  F. 
Deut.).  FlK.  434 — 
Statoblast  of  Lopho- 
PU8  oryatallinue 
(SUssw.  F.  Deut). 
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Family  3.    GBISTATELLIDAE. 

Colonies  forming  compact  hyaline  groups  which  secrete  a  gelatinous 
base;  aperture  slightly  elevated  above  the  level  of  the  group;  statoblasta 
large^  about  1  mm.  in  diameter,  provided  with  hooks :  2  genera. 

Key  to  the  genera  of  CristatelUdae: 

o,  Statoblast  with  a  roif  of  marginal  hooks;    gelatinous  base  often  very 

thick 1.  Pbctinatella 

o,  Statoblast  with  2  rows  of  marginal  hooks ;  gelatinous  base  forms  a  thin 

sole 2.  Cbistatella 

1.  PsOTZVATELLA  Leidy.    Many  associated  colonies  in  rosette-shaped 

groups  on  a  gelatinous  base  which  may  attain  a 
thickness  in  the  autumn  of  40  cm.;  the  youthful 
colony  is  locomotory:  1  American  species. 

P.  magniflca  Leidy  (Fig.  435).  Tentacles  60  to 
84  in  number;  statoblasts  circular,  black  in  color, 
with  10  to  22  marginal  anchor-shaped  hooks:  often 
common  on  stones,  sticks,  etc.,  in  ponds  and  streams; 
North  America;  introduced  locally  into  Europe  and 
Japan. 

2.  Obistatslla  Cuvier.     Colony  an  elongate, 
gelatinous  mass  with  a  thin,  flat  sole  on  which  it 
creeps;  the  zooids  are  located  on  the  upper  surface 
of  the  colony  and  may  contract  into  a  common  cavity; 
statoblasts  circular  with  2  rows  of  marginal  hooks:  1 
species.  , 

'  C.  mncedo  Cuv.  (C.  idae  Leidy;  C,  ophidioidea  Hyatt; 
C.  litcustris  Potts)  (Fig.  436).  Young  colony  circular, 
later  elongate,  attaining  in  the  autumn  a  length  of  28 
cm. ;  usual  length  3  to  5  cm. ;  80  to  90  tentacles ;  statoblasts 
with  10  to  34  hooks  in  one  row  and  20  to  50  in  the  other: 
America  and  Europe,  in  ponds  and  sluggish  streams  on  submerged  sticks, 
pond  lily  leaves,  etc.;  not  common. 


Fig.  435— Pccfifui- 
tella  magnifca  (Dav- 
enport). A,  a  thick 
gelatinous  mass  sar- 
rounding  a  stick  on 
which  are  numerous 
colonies ;  B,  stato- 
blast 


Fig.  436 

Statoblast  of 

CfUtateUa 

mwnedo 

(SUssw.  F. 

Dent.). 


SuBPHYLUM  5,    BRACHIOPODA.* 

Sessile,  marine,  mollusk-like  animals  in  which  the  body  is  enclosed 
in  a  bivalve,  dalcareous,  or  homy  shell,  one  valve  of  which  is  dorsal  and 
one  valve  ventral.  The  shells  (Fig.  437)  can  be  opened  and  closed  by 
means  of  muscles,  the  hinge  end  being  posterior  and  the  opening  anterior 

*  See  "Catalogue  of  the  Recent  Species  of  the  Class  Brachiopoda/'  by  W.  H.  Dall, 
Proc.  Acad.  Nat.  Sci.,  Phil.,  1873,  p.  177.  "A  Monograph  of  Becent  Bnchiopoda,**  by 
T.  Davidson,  Trans.  Lin.  Soc,  2nd  ser..  Vol.  4,  1886-1888.  "BeTision  of  the  Families 
of  Loop-bearing  Brachiopoda,**  by  C.  B.  Beecher.  Trans.  Conn.  Acad...  Vol.  9,  1893. 


SSACHIOPODA  265 

in  pootion.  The  Boinial  is  attached  to  some  more  or  less  fixed  object  b; 
means  of  the  peduncle,  a  stout,  mosealar  stalk  which  is  a  prolongation  of 
the  hinder  end  of  the  body  and  passes  eaihet  between  the  valves  of  the 
shell  or  through  a  hole  in  the  projecting  ventral  valve;  in  a  few  species 
{Crama)  the  whole  ventral  valve  is  attadied,  no  peduncle  being  present 
The  soft  parts  of  the  body,  which  lie  between  the  hinder  and  middle 
portions  of  these  shells,  are  very  short  and  broad,  and  from  them  two 
leaf-like  folds  called  the  dorsal  and  the  ventral  mantles  estend  forwards 
and  cover  the  inner  surface  of  the  forward  portion  of  the  shells.  Two 
additional  projections  of  the  anterior  body  wall  also  extend  forwards  and 
oecupy  the  space  between  the  two  mantles.  These  are  the  tentacular  arms 
or  lophophorcs,  a  pair  of  ridges  or  of  b^it  or  eoiled  arms  ^ich  in  the 


He,  437 — Dlurmm  at  a  bracblopod  (DeUge  et  BtroDsrd).    1,  pcdancle;  2,  dorsal 

■bell;    3,   stomcch;    4,   Uver  ducte;    Q,   moutb;    0.   maofle:    1,  gllU; 

8,  lopbopbore;  S,  maacles;   10,  iDtcatlne  ;   11,  ventral  Bbell. 

TeaticardineB  are  supported  by  a  calcareous  skeleton  proceeding  from  the 
dorsal  valve  of  the  shell.  These  arms  are  the  largest  and  most  conspicuous 
organs  in  the  body  and  have  given  the  group  its  name :  they  are  respiratory 
and  sensory  in  function,  and  are  also  of  use  in  the  ingestion  of  food. 
Both  they  and  the  mantles  contain  a  cavity  which  is  in  direct  communi- 
cation with  the  body  cavity.  Runnmg  along  the  surface  of  each  ridge  or 
arm  is  a  ciliated  groove  along  one  side  of  which  is  a  row  of  ciliated  ten- 
tacles. By  the  action  of  these  cilia  the  minute  oi^nisms  which  form  the 
food  of  the  animal  are  swept  into  the  mouth. 

The  mouth  lies  between  the  base  of  the  arms  and  is  without  special 
jaws  or  lips;  it  opens  into  a  digestive  tube  in  which  an  oesophagus,  stom- 
ach, and  intestine  may  be  distinguished.  Sac-like  digestive  glands  (livers) 
open  into  the  stomach.    The  Testicardinea  have  no  anus:  in  the  Ecardines 
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the  anus  is  at  the  hinder  end  of  the  body  between  the  edges  of  the  shells. 
The  nervous  system  consists  of  a  pair  of  ganglia  dorsal  to  the  oBsophagos, 
a  ventral  pair,  connecting  commissures  and  radiating  nerves.  There  are 
no  special  sense  organs  in  the  adult  animal,  although  the  larva  may  have 
eye  spots  and  otocysts.  The  circulatory  system  consists  of  a  heart,  a  large 
vein  which  enters  it  anteriorly,  and  arteries  which  proceed  to  the  spaces 
of  the  body  cavity.  The  excretory  organs  consist  of  a  pair  (two  pairs  in 
Bhynchonella)  of  nephridial  tubes  which  open  into  the  body  cavity  at  one 
end  and  into  the  mantle  cavity  at  the  other.  The  sexes  are  as  a  rule  sep- 
arate. The  two  pairs  of  genital  glands  lie  near  the  intestine  and  discharge 
their  products  into  the  body  cavity,  whence  they  find  their  way  to  the 
outside  through  the  nephridia.  The  larva  is  a  trochophore,  and  is  made 
up  of  three  divisions,  from  the  middle  one  of  which  the  mantle  folds 
develop :  after  a  few  hours  of  free  life  the  larva  attaches  itself. 

Habits  and  Distribution.^— AW  Brachiopoda  are  attached  to  rocks,  or 
other  similar  objects,  except  the  Lingulidae,  which  live  in  vertical  burrows 
in  the  sand.  Most  of  the  species  live  in  shallow  water  in  the  neighbor- 
hood of  continents :  a  few,  however,  are  found  in  the  deep  sea.  They  are 
not  generally  distributed  over  the  world  but  are  localized,  as  is  the  case 
with  many  ancient  groups  of  animals,  but  are  often  found  in  large  num- 
bers where  they  do  occur.  Brachiopods  have  flourished  during  all  the 
geological  ages  from  the  Cambrian  down  to  the  present  time,  the  genus 
Lingula,  which  is  still  plentiful  in  the  Indian  and  Pacific  Oceans,  being 
the  oldest  known  genus  of  animals.  About  2,500  fossil  species  have  been 
discovered,  mostly  in  the  Paleozoic  rocks,  only  about  120  living  species 
being  known. 

£i9^ofi/.f— The  conspicuous  shells  of  the  Brachiopoda  attracted  the 
attention  of  the  older  naturalists,  by  whom  the  animals  were  almost  uni- 
versally regarded  as  mollusks.  The  name  Brachiopoda  was  given  them 
in  1807  by  Dum6ril.  In  1873  and  1874  Morse  and  Kowalevsky  independ- 
ently demonstrated  by  a  study  of  their  embryology  that  the  affinities  of 
brachiopods  were  not  with  the  Mollusca  but  rather  with  the  AnneUda. 
Brooks  held  them  to  be  Bryozoa,  while  Huxley  and  Claus  placed  them 
among  the  Molluscoidea,  a  subkingdom  or  phylum  originally  created  by 
Milne-Edwards  to  contain  the  Bryozoa  and  Tunicata,    Conklin  and  others 

^  See  "Obtervmtlons  on  LlTlng  Bracblopoda,"  by  E.  8.  Mone,  Mem.  Bo«t.  Soe. 
Nat  Hist.,  Vol.  6,  1902. 

t  See  "On  tbe  Embryology  of  Terebratullna/'  by  B.  S.  Morse,  Mem.  Boat.  Soc 
Mat.  Hist,  Vol.  2,  1873.  "On  the  Systematic  Position  of  the  Brachiopoda,"  by  B.  S. 
Morse.  Proc.  Bost.  Soc.  Nat.  Hist.,  Vol.  16,  1873.  "On  the  Development  of  the 
Brachiopoda,"  by  A.  Kowalevsky,  Abst.,  by  A.  Agassis,  Am.  Jour.  Set,  1874.  "Tha 
Development  of  Ldngnla  and  the  Systematic  Position  of  the  Brachiopoda/'  by  W.  K. 
Brooks,  Sd.  Results  of  Sess.  of  1878,  Chesapeake  Zool.  Lab.  "The  Embryology  of 
a  Brachiopod,"  etc.,  by  B.  Q.  ConkUn,  Proc.  Am.  PhU.  Soc,  Vol.  41,  1902. 
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qTiite  recently  have  shown  the  relationship  between  the  Brachiopoda  and 
Phoroms*  The  aflftnities  of  the  Brachiopoda  are  thus  stOl  obscure,  but 
axe  undoubtedly  with  the  Bryozoa  and  Phoroms. 

The  subphylum  contains  2  orders. 

Key  to  the  orders  of  Brachiopoda: 

Oi  Shell  without  a  hinsre  joining  the  yalyes 1.  Eoabdines 

Ob  The  yalves  of  the  shell  joined  by  a  hinge 2.  Tsshoabdines 

Qrdeb  1.    EOABDINES. 

Shell  horn-like  or  calcareous,  the  valves  not  being  joined  posteriorly  by 
a  hinge  but  only  by  muscles;  mantles  also  not  joined;  no  calcareous  arms 
projecting  from  the  dorsal  valve  to  support  the  tentacular  arms;  anus 
present:  3  families  with  about  32  living  and  400  fossil  species,  most  of 
the  latter  being  Paleozoic. 

Key  to  the  families  of  Ecardines  here  described : 

Oi  Peduncle  present ;  animal  living  in  sand 1.  Linoulidax 

Ob  Peduncle  not  present;  animal  attached  by  ventral  valve 2.  Ga^NimAX 

Family  1.    LINQULIDAE. 

Shell  more  or  less  rectangular  in  shape,  horn-like  in  texture,  with 
valves  of  equal  size,  truncated  in  front  and  pointed  bdiind;  peduncle  con- 
tractile and  usually  long;  tentacular  arms  spiral,  with  about  6  whorls; 
mantle  veiy  vascular,  with  long  stiff  setae  on  the  edges:  16  species,  in 
2  genera,  of  which  Lingula  is  found  in  the  Pacific  and  Indian  Oceans  and 
Glottidia  on  both  shores  of  America;  100  fossil  species. 

Olottzdza  DalL  Shell  smooth  and  linguiform; 
dorsal  valve  with  2  internal,  sharp,  incurved  laminae 
diverging  from  the  beak  and  extending  a  third  of  the 
length  of  the  shell;  ventral  valve,  with  a  mesial  septum 
extending  forwards  from  the  beak:  about  4  species,  on 
both  Atlantic  and  Pacific  coasts  of  America. 

G.  albida  (Hinds).  Shell  narrow,  oval,  tapering  ^  438  —  0/0*- 
at  the  beak,  very  slightly  curved  in  front,  smooth,  and  (t??2d)?*^" 

white;  peduncle  stout  and  short,  45  mm.  long;  sheU  30 
mm.  long:  Pacific  coast  from  San  Diego  to  Monterey,  from  low- water 
mark  to  60  fathoms. 

O.  audebarti*  (Broderip)  {Lingula  pyramidata  Stimpson)  (Fig.  438). 
Shell  narrow,  tapering  at  the  back,  front  margin  nearly  straight;  color 
white,  with  transverse  bands  of  green;  peduncle  very  long  and  slender; 
animal  hermaphroditic;  length  of  shell  27  mm.,  breadth  10  nmi.;  length 

*  See  "A  study  of  the  Strnctiire  of  Linpila  (Glottidia)  pyramidata  Stimp./'  by 
H.  B.  Beyer,  Stud.  BloL  Lab.,  Johns  Hopk.,  Vol.  3,  1886. 
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of  peduncle  16  em.:  North  Carolina  to  Florida;  in  vertical  burrows  in 
the  sand  between  tide  lines,  the  contractile  peduncle  extending  straight 
down  and  the  opening  of  the  shell  just  reaching  the  water. 

Familt  2.    GBANIIDAE. 

Shell  more  or  less  quadrate  or  circular  in  shape  and  without  a 
peduncle,  being  attached  by  the  ventral  valve  to  a  rock;  dorsal  valve 
limpet-like;  tentacular  arms  free  and  spiral;  mantle  extending  to  the 
edges  of  the  valve,  its  margin  being  plain :  1  genus. 

Obavia  Retzius.    Shell  smooth  or  radiately  striated:  4  species. 

C.  anomala  (0.  F.  Miiller).  SheU  brownish  in  color,  18  mm.  long 
and  22  mm.  broad:  Florida  Keys  and  the  West  Indies,  in  100  fathoms. 

Order  2.    TESTIOABDINES. 

Shell  calcareous,  the  2  valves  being  joined  by  a  hinge;  mantles  also 
fused  behind;  ventral  valve  larger  than  the  dorsal  and  with  a  beak  at 
.the  hinder  end  through  which  the  peduncle  passes;  tentacular  arms 
supported  by  calcareous  arms  which  proceed  from  the  dorsal  valve;  anus 
wanting:  3  families  and  about  80  species;  about  2,200  fossil  species. 

Key  to  the  families  of  Testicardines  here  described : 

Oi  Shell  with  a  sharp,  hook-like  beak 1.  Rhyi?chonellidae 

Ot  Beak  not  hook-like,  but  prominent 2.  Tebebba.tulidab 

Family  1.    EHYNCHONELLIDAE. 

Shell  more  or  less  triangular  with  a  sharp,  hook-like  beak;  calcareous 
arms  long  and  slender,  curving  towards  each  other;  tentacular  arms 
long  and  spiral:  2  genera  and  8  species. 

Bhyvohovella  Fischer.  Shell  with  radiating  ridges;  dorsal  valve 
very  convex,  ventral  valve  more  flattened:  6  species. 

B.  psittacea  (Gmelin).  Shell  brown  or  black,  26  mm.  long  and  not 
quite  so  wide:  circumpolar,  being  found  south  to  the  Gulf  of  St.  Law- 
rence and  to  the  Aleutian  Islands,  in  shallow  water. 

Family  2.    TEEEBEATULIDAE. 

Shell  round  or  oval,  the  lower  valve  with  a  prominent  perforated 
beak  and  2  curved  hinge  teeth,  dorsal  valve  with  a  hinge  process  and  a 
slender  calcareous  loop:  about  10  genera  and  68  species. 

Key  to  the  genera  of  Terebratulidae  here  described : 

Oi  Calcareous  loop  short 1.  Tebebratulina 

a.  Calcareous  loop  long. 

&i  Loop  with  its  principal  stem  attached  but  once 2.  Waldeheimia 

h.  Principal  stem  attached  twice 3.  Tebebratella 

&,  Reflected  part  of  loop  attached  at  the  tip 4.  Laqueub 
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Fig.  439 — Tere- 
bratulina  septen- 
trionalie  (Tryon). 

A,  dorsal  aspect; 

B.  Inner  surface 
of  dorsal  shell, 
showing  calcare- 
ous arms. 


1.  TsHKBBATUUHA  D'Orbigny.  Shell  punctate,  with  5  radiating 
striations;  calcareous  loop  short  and  forming  either  a  perfect  or  a 
broken  ring:  8  species;  22  fossil  species. 

T.  septentrionalis  (Couthouy)  (Fig.  439).  Shell 
thin  and  semi-transparent,  yellowish  or  whitish,  broadly 
oval;  beak  projecting  but  little,  truncated  horizontally, 
with  a  large  orifice;  13  mm.  long  and  8  mm.  broad: 
coast  of  New  England,  in  20  fathoms  off  Cape  Cod,  at 
low- water  line  farther  north;  common. 

T.  capnt-serpentis  (L.).  Shell  oval,  whitish  or 
yellowish;  25  mm.  long;  17  mm.  wide:  Europe;  Florida 
and  the  West  Indies  (var.  cailleti);  Pacific  coast  from 
San  Diego  to  Aleutian  islands  (var.  unginculata) . 

2.  Waldheixia  King.  Shell  globose  and  smooth, 
calcareous  loop  composed  of  2  slender  branches  which 
extend  from  the  hinge  almost  to  the  front  edge  of  the 

shelly  then  curve  backwards  to  the  center,  where  they  join:  10  species; 

90  fossil  species. 

W.  floridana  Pourtal^.  Shell  triangular,  gray  or 
brownish-white  in  color;  length  22  mm.;  width  25  mm.; 
depth  14  nmi. :  Florida  reefs  and  the  West  Indies,  in  100 
to  200  fathoms;  abundant. 

3.  Tessbbatella  D  'Orbigny.  Shell  ovoid  or  round ; 
loop  long  and  like  Waldheimia,  but  with  its  principal 
stem  twice  attached:  9  species. 

T.  transversa  (Sowerby)  (Fig.  440).  Shell  variable 
in  shape,  usually  wider  than  long;  length  30  mm.; 
breadth  38  nmi.;  depth  20  mm.;  color  from  light  yellow 
to  dark  purple:  Monterey,  California,  northwards,  in  15 
to  20  fathoms,  the  commonest  brachiopod  on  the  coast. 
T.  spitibergensia  Davidson.  Shell  whitish-yellow  and  longer  than 
wide;  valves  equally  convex,  smooth,  and  strongly  punctate;  length  9 
nun.;  breadth  7  mm.;  depth  3.5  mm.:  circumpolar; 
south  to  Gulf  of  St.  Lawrence,  in  40  to  400  f  al^oms. 
4.  LAavzini  Dall.  Shell  broadly  ovoid;  loop 
long  like  Terehraiella,  but  with  the  reflected  portion 
attached  by  a  connecting  branch  on  each  aide  to  the 
principal  stem:  3  species. 

L.  californicTUi  (Koch)  (Fig.  441).  SheU  6  cm. 
long,  5  em.  broad,  and  25  mm.  deep;  bright  yellowish  or  reddish-brown 
in  color :  Santa  Barbara  County,  California,  and  northwards,  in  90  fathoms, 
being  smaller  towards  the  north. 


Fig.  440 — Tere- 
hratella  trans' 
versa  (Keep). 
A,  natural  posi- 
tion, with  the 
dorsal  sbell 
appermost ;  B» 
doraal  aspect 


rig.  441 

Laqueus  oaUfomicus 

(Keep). 
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SuBPHYLUM  6.    PHORONIDEA.* 

Sessile,  marine  worms  living  in  chitinous  tubes  in  shallow  water,  which 
have  Ut  the  anterior  end  of  the  body  a  horseshoe-shaped  tentacular  crown 
or  lophophore.  The  animals  are  gregareous,  their  tubes  being  often 
twisted  together,  but  without,  however,  conmiunicating  with  one  another. 
The  tubes  are  also  covered  with  sand,  pieces  of  shell,  etc.,  which  give  them 
a  characteristic  appearance.  The  lophophore  consists  of  a  double  ridge, 
each  part  of  which  bears  a  single  row  of  tentacles,  its  lateral  extremities 
forming  a  spiral  coil  on  each  side.    The  mouth  and  the  anus  are  near 

together  in  the  middle  of  the  lophophore,  but  are 
separated  by  a  long  projection  of  the  body  wall 
called  the  epistome.  Near  the  anus  are  the  paired 
orifices  of  the  kidneys.  The  body  cavity  is  large  and 
is  divided  by  a  diaphragm  into  two  parts,  an  upper 
or  anterior,  which  is  continuous  with  the  cavities  of 
the  epistome  and  the  tentacles,  and  a  lower,  which 
contains  the  viscera:  the  diaphragm  is  pierced  by 
blood  vessels  and  the  CBSophagus.  The  digestive  tract 
is  U-shaped,  consisting  of  the  oesophagus,  stomach, 
and  intestine,  and  is  supported  by  longitudinal  mesen- 
teries. Two  circulatory  fluids  are  present,  a  colorless 
fluid  in  the  body  cavity  and  a  red  fluid  in  a  system 
of  closed  vessels  which  lie  along  the  two  limbs  of  the 
digestive  tube  and  are  distributed  to  the  tentacles 
epistome ;  2.  lopno-  *^^  ^^^^^  Organs.  The  kidneys  are  a  pair  of  tubes 
Kct '  ^*  *^«*^^«     which  communicate  between  the  body  cavity  and  the 

outside.  The  nervous  system  is  subepithelial  in  posi- 
tion and  consists  of  a  nerve  ring  surrounding  the  mouth  and  nerves 
going  from  it  to  the  tentacles.  The  animals  are  hermaphroditic,  the 
gonads  lying  near  the  stomach  and  discharging  their  products  into  the 
ccelom,  whence  they  find  their  way  to  the  outside  through  the  kidney 
pores.  The  development  is  a  metamorphosis,  the  oharacteristie  larva 
being  known  as  the  actinotrocha. 

The  systematic  position  of  the  anin^als  has  long  been  a  matter  of 
dispute,  but  they  are  now  usually  placed  near  the  Bryagoa  and  Braokio- 
poda.  The  subphylum  contains  a  single  genus  and  about  a  dozen  species, 
of  which  two  are  American. 

Peobohis  Wright.  With  the  characters  of  the  subphylum:  11 
species. 

♦  See  "Phoronie  arcbitecta,"  by  R,  P.  Cowles,  Mem.  Nat  Acad.,  Vol.  10.  p.  76, 
1005.    "On  Pboronls  paciflca  sp.  nov./'  by  H.  a  Torrey,  Biol.  BuU.,  Vol.  2,  p.  283, 1901. 


Vig,  442 — Phoro- 
Mb  arohiteota — 
young  individual 
witb  about  30  ten- 
tacles (Cowles).  1, 
epistome ;  2.  lopho 
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P.  architocta  Andrews  (Fig.  442).  Tabes  straight  and  about  13  cm. 
long  and  1  mm.  wide;  anterior  portion  of  body  flesh  color,  posterior 
portion  reddish  or  yellowish;  tentacles  about  100  in  number;  lophophore 
not  spirally  coiled  at  the  ends:  North  Carolina,  in  sand  flats  near  the 
low-water  mark,  the  tubes  being  isolated  and  covered  with  sand  grains; 
often  common. 

P.  padfica  Torrey.  Length  of  tube  9  cm.;  diameter  2  nmi.;  each 
spiral  of  lophophore  with  V/z  to  2  turns;  tentacles  170  to  200  in  number; 
tube  straight,  cylindrical,  incrusted  with  sand:  Puget  Sound;  Humboldt 
Bay,  California;  in  sand  and  mud  flats. 


SuBPHYLUM  7.    CH^TOGNATHA.* 

Elongate,  transparent  worms  of  small  size  which  live  exclusively  in 
the  sea,  preying  on  other  small  organisms.  The  body  is  long  and  slender 
and  unciliated,  and  is  provided  with  two  or  three  pairs  of  horizontal  fins. 
Surrounding  the  mouth  at  the  front  end  of  the  body  are  long,  paired, 
prehensile  bristles  or  hooks  and  one  or  two  rows  of  smaU  teeth  (Fig. 
443,  B).  A  large  body  cavity  is  present,  which  is  lined  with  a  peritoneum 
and  is  divided  by  transverse  septa  into  three  compartments.  The  anus  is 
at  the  hinder  end  of  the  body  and  between  it  and  the  mouth  lies  the 
straight  digestive  tract:  longitudinal  mesenteries  join  the  intestine  with 
the  dorsal  and  ventral  body  walls.  The  nervous  system  is  subepithelial; 
a  laige  cerebral  ganglion  forms  the  brain  and  is  connected  with  a  large 
ventral  trunk  ganglion  in  the  middle  of  the  body  by  commissures.  The 
brain  sends  off  nerves  to  the  two  eyes  and  the  unpaired  olfactory  organ 
behind  them.  No  special  respiratory,  excretory,  or  circulatory  organs  are 
present.  The  animals  lare  hermaphroditic,  the  sex  cells  arising  from  the 
peritoneum.  The  two  ovaries  are  in  the  middle  division  of  the  body,  the 
oviducts  opening  near  them:  the  testes  are  in  the  hinder  division  of  the 
body;  the  spermatozoa  escape  to  the  outside  through  a  pair  of  prominent 
seminal  vesicles  just  in  front  of  the  tail  fins.  In  the  development  the 
mesoderm  is  formed  by  the  growth  of  paired  pouches  from  the  archenteric 
walls,. the  fused  cavities  of  the  pouches  becoming  the  ooBlom,  a  process 
eharaeteristie  of  many  annelids  and  also  of  the  Chordata, 

The  ChtBtognatha  Bxe  found  in  all  seas,  from  the  surface  to  the 
greatest  depths,  being  often  present  in  immense  numbers.  Six  genera  and 
about  30  species  are  known. 

*  Bee  "The  Known  Chetognatha  of  American  Waters/'  by  F.  S.  Conant,  Johns 
Hopk.  UnlT.  Clr.,  Vol.  15,  p.  82,  1806.  "Cb»tognaihi,"  by  B.  yon  Rltter-Zabony,  Das 
TIerrelcb,  1911.  "ClaBsiflcation,  etc.,  of  tbe  Cbstognatba,*'  etc.,  by  B.  A.  Michael, 
UniT.  of  Cal.  Pnbn  VoL  8,  p.  21, 1911. 
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Key  to  the  American  genera  of  Chcstognatha: 

Ot  Two  pairs  of  fins  besides  the  caudal  fin 1.  SAOtTTA 

Ot  One  pair  of  fins  besides  the  caudal  fin. 

hi  Fins  near  the  middle ;  body  slender,  with  1  row  of  teeth 2.  Eukbohnia 

ht  Fins  near  the  tail ;  body  broad,  with  2  rows  of  teeth 3.  Ptebosaoitta 

1.  Saoztta  Quoy  and  Gaimard.  Slender  worms  with  2 
pairs  of  lateral  fins:  about  25  species. 

8.  elegans  Verrill  (Fig.  443).  Length  up  to  3  mm.;  9  to 
12  oral  hooks ;  anterior  teeth  4  to  8 ;  posterior  teeth  6  to  9 : 

North  Atlantic. 

8.  hezaptera  D'Orbigny.    Length  6  mm.;  oral  hooks  5 

to  10;  anterior  teeth  3  to  4;  posterior 
teeth  3  to  5:  Martha's  Vineyard;  cos- 
mopolitan. 

2.  EtmoHHiA  Ritter-Zahony.  A 
single  lateral  fin  on  each  side  near  mid- 
dle of  body;  body  slender:  3  species. 

E.   hamata    (Mobius).    Length    4 
mm.;  oral  hooks  8 
to   10;    15    to   28 
teeth    in    a   single 
row ;  ovary  reddish : 
cosmopolitan;  Mar- 
tha's Vineyard. 
S.  Ptzbobaoztta  Costa.    Body  broad;  a  single 
pair  of  lateral  fins  near  the  tail;  an  expansion  of 
the  integument  extending  along  the  side  of  the  body 
in  front  of  each  lateral  fin  to  the  head:  1  species. 

P.  draco  (Erohn)  (Fig.  444).    Length  10  mm.; 
oral  hooks  4  to  10;  anterior  t^eeth  6  to  9;  posterior 
teeth  12  to  18;  forward  of  the  middle  of  the  body       ptero»agitta  draco 
on  each  side  is  a  bundle  of  long  setae :  cosmopolitan.        Natural  History). 


Fig.  443 — Sagitta  eleoant  (Zabony). 
A,  entire  SDlmal ;  B,  nead.  1,  pre- 
hensile books ;  2,  teeth  ;  3,  mouth ; 
4,  ventral  ganglion ;  6,  female  gen- 
ital organs ;  6,  anus ;  7,  female 
genital  pore;   8»  male  genital  pore. 


SuBPHYLUM  8.    SIPUNCULOIDEA. 

**  Marine  worms  which,  together  with  the  Eehiurida,  are  often  included 
in  a  class  of  the  Annelida  called  the  Gephyrea,  This  is  a  name  given 
them  by  Quatrefages  (1847)  to  signify  the  belief  that  they  bridge  the 
gnlf  between  the  Annelida  and  the  Echinodermata,  the  earlier  zoologists 
having  grouped  them  with  the  holothurians.  The  total  lack  of  segmen- 
tation, however,  at  any  period  of  the  life  of  most  of  the  Sipwncuhidea, 
ttnd  the  absence  of  metameric  organs,  have  made  it  necessary  to  remove 
them  from  the  Annelida,  although  the  fact  that  they  pass  throu^  the 
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trodioiAoie  stage  indieates  a  doee  oonneotioii  intii  the  immediate  ancestors 
of  that  group. 

The  Sipunculoidea  are  more  or  less  elong&ted  wormsy  the  hirgest  of 
ivhieh  are  20  em.  or  more  in  lengthy  which  live  in  the  sand  or  mud,  either 
free  or  in  tuhes  or  snail  shells.  The  body  is  cylindrical  and  very  con« 
tractile,  nns^mented  and  not  ciliated,  and  without  metameric  ap- 
pendages, spines,  or  bristles;  it  is  made  up  of  two  divisions,  a  usually 
slender  anterior  portion  called  the  introvert,  which  can  be  invaginated, 
and  the  thicker  hinder  portion.    The  snbphylum  contains  two  classes. 

Key  to  the  classes  of  Sipunculoidea: 
Oi  Body  elongate;   anus  at  base  of  introTert;   tentacles  usually  present 

1.  SlFUNCULIOA 

Ob  Body  robust ;  anus  at  hinder  end ;  no  tentacles 2.  Pbiapulida 

Class  1.    SIPUNOULIDA.* 

Elongated  worms  with  short,  hollow  tentacles  at  the  forward  end 
which  are  either  distinct  or  more  or  less  united  and  usually  surround  the 
mouth,  and  with  the  anus  in  the  dorsal  surface  near  the  base  of  the  intro- 
vert. The  body  wall  consists  of  a  cuticula,  a  single-layered  hypodermis, 
and  the  muscles.  The  hypodermis  gives  rise  to  large  glands  which  lie 
beneath  it,  in  certain  species  enveloped  in  a  gelatinous  connective  tissue 
called  the  cutis,  and  open  through  the  cuticula  to  the  outer  surface.  The 
muscles  consist  of  an  outer  circular  and  an  inner  longitudinal  layer  and 
between  them  delicate  oblique  muscles,  which,  however,  are  not  present  in 
the  introvert.  The  longitudinal  muscles  in  certain  species  (Sipunculus) 
are  split  up  into  regularly  recurring  bundles,  which  produce  a  lattice-like 
effect  (Fig.  446).  The  body  cavity  is  voluminous  and  is  bounded  by  a 
eiliated  peritoneal  lining;  it  contains  a  corpusculated  blood  fluid.  Two  or 
four  retractor  muscles  extend  back  from  the  front  end  of  the  base  of  the 
Introvert,  by  means  of  which  invagination  is  effected.  The  digestive  system 
consists  of  a  narrow  tube  of  about  the  same  diameter  throu^out,  which 
extends  from  the  mouth  at  the  front  end  to  near  the  hinder  end  of  the 
body,  then  turns  on  itself  and  extends  forward  to  the  anus.  The  two 
limbs  of  the  intestine  are  usually  twisted  spirally  together,  in  certain 
species  around  a  single  muscle  strand  called  the  spindle  muscle.  A  blood 
vascular  system  is  present  in  form  of  an. oesophageal  ring  canal,  tentacular 
canals  which  extend  from  the  ring  canal  into  the  tentacles,  and  one  or  two 
contractile  caeca  (hearts)  which  extend  from  the  ring  canal  a  short  dis- 
tance along  the  cesophagus.  These  organs  contain  a  fluid  which  serves  to 
extend  the  tentacles,  which  are  probably  respiratory  as  well  as  sensory  in 

*  See  "Die  Stpuncpliden,**  by  B.  Selenka,  in  Reisen  im  Arch.  d.  Phllipp,  von  C. 
Semper,  1883.  "The  SlpuncnlldB  of  the  Bastem  Coast  of  North  America/'  by  J.  H« 
Qerould,  Proc.  V%  8.  Nat^  Mus.,  Vol.  44,  p.  378.  1913^ 
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function.  A  pair  of  nephridia,  called  the  brown  tubes,  opens  to  the  out- 
side near  the  anus.  The  nervous  system  consists  of  a  cerebral  ganglion 
on  the  dorsal  side  of  the  oesophagus,  which  is  connected  by  a  pair  of 
commissures  with  an  unsegmented  ventral  nerve;  this  nerve  passes  to  the 
hinder  end  of  the  body,  sending  off  numerous  nerves  which  are  not  regu- 
larly paired.  A  pair  of  simple  eyes,  pigmented  or  not,  lies  within  the 
brain.  A  ciliated  canal  extending  from  the  surface  to  the  brain  and  called 
the  cerebral  tube,  the  walls  of  which  are  pigmented  in  certain  species, 
is  present  just  back  of  the  tentacles :  tactile  organs  are  also  often  present. 
The  sexes  are  separate,  but  alike  in  appearance.  A  pair  of  gonads  de- 
velops in  the  peritoneum  upon  the  base  of  the  retractor  muscles  which 
discharge  their  products  into  the  body  cavity,  whence  they  make  their  way 
to  the  outside  through  the  nephridia.  The  young  animal  passes  through 
ftn  active  free-swimming  stage.  The  metamorphosis  is  not  accompanied 
by  any  well-marked  evidences  of  metamerism,  and  the  adult  worm  is  still 
trochophore-like,  indicating  that  the  animals  are  very  primitive  forms 
near  the  base  of  the  annelid  stem.  The  animals  live  in  the  sand  and  mud, 
which  they  swallow  in  large  quantities.  They  are  found  in  almost  all 
parts  of  the  world,  mostly  in  shallow  water.  The  class  contains  about  11 
genera  and  over  100  species,  16  of  which  have  been  found  on  the  east  and 
4  on  the  west  coast  of  this  country. 

Key  to  the  genera  Sipunculida  here  described : 

Oi  Longitudinal  muscles  divided  into  bandies  (except  Pha»colo»oma  ffouldi). 
hi  Tentacular  fold  instead  of  tentacles;  no  papillae  on  trunk.  .1.  Sipunculus 
ft]  Isolated  tentacles  present 

C|  Tentacles  encircle  the  mouth 2.  Siphonosoma 

c.  Tentacles  in  a  crescent  dorsal  to  mouth 3.  Phtscosoma 

o.  Longitudinal  muscles  not  split  into  bundles  (with  Pha$colosoma  gouldi). 

&i  Worms  free-living  with  numerous  tentacles 4.  Phasoolosoma 

5,  Worms  inhabit  tubes  or  shells 5.  Phasoquon 

1.  SiFinrouLUS  L.  Mouth  surrounded  by  a  fluted  tentacular  fold, 
without  isolated  tentacles,  behind  Vhich  is  the  cerebral  tube;  no  hooks  on 
the  introvert;  longitudinal  muscles  in  17  to  41  distinct  bundles,  giving  a 
lattice-like  effect;  4  retractor  muscles;  rectum  with  1  or  more  csBca;  2 
contractile  hearts :  16  species,  mostly  of  large  size,  in  most  seas. 

8.  nndufl*  L.  (Fig.  445).  Body  up  to  21  cm.  long;  the  anterior 
sixth  covered  with  papillae;  13  longitudinal  muscles:  Beaufort,  North 
Carolina;  Key  West;  Europe. 

2.  SxPKOHOSOiCA  SpengeL  Similar  to  Sipunculua  but  with  integu- 
mental  blind  sacs  and  a  statocyst  near  the  tentacles;  cerebral  tube  a  shallow 
pit:  several  species. 

*  See  "On  Some  Points  on  the  Anatomy  and  Histology  of  Sipunculos  nn^Ui  L./' 
by  H.  B.  Ward,  Bui}.  Mub.  Comp.  Zool.,  VoU  21,  p.  143,  1891* 
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eit«na«d  CW«rd), 


(Keferatein).  Longitudinal  moseleB  21;  body  cavity 
divided  by  septa  into  regular  subdivisions  as  in  an  annelid;  oial  tentacles 
present:  North  Carolina;  Florida;  Philippines. 

3.  Pktboosoiu  Selenka.  Body  covered  with 
papillae;  usually  4  retractor  musclee;  iotrovert 
with  hooks  arranged  in  rings;  tentacles  numer- 
OOB,  not  surrounding  the  mouth  but  lying  above  it, 
fonning  a  horseshoe;  longitudinal  muscles  as  in 
SipiMculus;  eye  spots  present:  about  27  speciee, 
mostly  tropical. 

P.  agUBisl  Keferstein.  Body  op  to  4  cm. 
long  and  10  mm.  thick;  introvert  as  long  aa 
body;  about  20  tows  of  broad  hooks  just  back 
of  tentacles,  of  which  there  are  20;  25  longi- 
tudinal muscles:  Pacido  coast,  Yancoaver  to 
Panama. 

4.  Phjucoloboiu  F.  S.  Leuckart.    Longitu- 

dinal mnseles  nsoally  not  split  np  into  bundles  but 
forming  a  continnoos  sheath;  mouth  surrounded  by 
one  or  more  concentric  circles  of  finger-shaped  ten- 
tacles; 2  or  4  retractor  muscles  in  the  introvert: 
over  25  species,  cosmopolitan,  some  species  living 
in  the  shells  of  snails. 

P.  gonldi*  (Pourtalls)  (Fig.  446).  Body  with 
longitudinal  muscles  not  forming  a  continuous  sheath 
but  split  up  into  about  30  anastomosing  bundles; 
length  18  cm.,  the  anterior  quarter  of  which  is  pro- 
boscis; skin  smooth;  tentacles  very  numerous,  in  sev- 
eral rows;  a  pair  of  pigmented  ocular  tubes  open 
into  the  cerebral  organ :  Long  Island  Sound  to  Hasea- 
chusetts  Bay. 

F.  eremita  (Sars).  Body  with  transverse  ridges, 
2  to  5  cm.  long  and  5  to  12  mm.  thick;  introvert 
nearly  as  long  as  body,  withont  hooks;  2  retractor 
muscles;  no  spindle  muscle;  20  to  40  tentacles: 
Massachusetts  coast  northwards,  in  40  to  1,000  fath- 
oms; Arctic  Ocean. 

6.  Phasooliov  ThM.  Small  forms  living  in 
aima.  '     '      tubes  or  in  small  shells;  tentacles  numerous,  form- 

•  See  "Note*  Id  the  ADstomy  of  the  SIphucqIdb  ganldll  Fenrtalte,"  by  B.  A. 
Andrew^  8tsd.  Biol.  Lab.  Jobni  Hopkloi  Univ.,  Vol.  4.  p.  389,  ISBO.  "Tbe  Develop- 
tncDt  of  Phucolowuna,"  bj  J.  B.  Owonid,  ZooL  Jabrb.  AbL  L  Anat.,  etc,  VoL  88, 
p.  77,  IVOO. 


ns.  440— DIueo- 
Hod  ot  Phatoclonim« 
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iDtmUne ;    4,    Depb- 
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ing  a  single  circle  around  the  month;  alimentary  canal  not  spiral  or 

incompletely  so;  no  spindle  muscle;  2  retractors;  but  1  brown  tube:  15 

to  20  species. 

P.  strombi  (Montagu)  (Fig,  447).    Body  30  mm.  long,  with  papillae; 

a  band  of  minute  hooks  back  of  tentacles,  and  large,  dai^-brown,  cres- 

centic  or  triangular  hooks  pointing  forwards  on  the 
hinder  part:  common  in  2  to  1,000  fathoms  from  the 
West  Indies  to  the  Arctic  Ocean;  Mediterranean;  the 
worm  lives  in  a  snail  shell,  closing  the  aperture  by  means 
of  sand  cemented  into  a  firm  mass,  leaving  a  hole  through 
which  the  introvert  is  thrust  out,  and  moves  about  car- 
rying  the   shell   with    it;   common,   there   being   many 

Phaeooiion        varieties,  some  of  which  form  a  thick  short  tube  of  mud 

strombi 
(Geroold).         and  sand. 

Class  2.    PBIAPULIDA. 

Body  without  tentacles;  anus  at  the  hinder  end;  introvert  plump 
and  covered  with  rows  of  small  spines;  trunk  striated  transversely  and 
in  most  species  bearing  1  or  2  large  caudal  appendages  with  respiratory 
papillae;  alimentary  canal  in  most  cases  straight  and  wide;  pharynx 
muscular,  provided  with  numerous  teeth;  main  nervous  system  sub- 
epithelial, consisting  of  a  ring  around  the  mouth  and  a  ventral  cord 
without  definite  ganglia;  no  special  sense  organs,  blood-vascular  system, 
or  nephridia  in  the  adult,  but  in  the  young  worm  nephridia  are  present 
which  open  into  the  genital  ducts;  sexes  distinct;  gonads  paired;  genital 
ducts  open  to  the  outside  near  the  anus:  2  genera  and  6  species,  which 
are  found  in  shallow  water  in  the  colder  seas,  where  they  burrow  in  the 
sand  and  mud. 

PBiAPTTLinEi  Lamarck.  Caudal  appendages,  covered  with  hollow 
papillae  present;  introvert  thicker  than  the  trunk,  about  a  quarter  as 
long  as  it  and  with  spines  in  longitudinal  rows :  5  species. 

P.  caudatufl  Lam.  Length  2  to  18  cm.,  color  yellow  or  brown: 
Arctic  seas. 


PHYLUM  IV. 
ANNELIDA.*     (The  Annelid  Worms.) 

Elongated,  segmented  worms  in  which  a  distinct  head,  a  coelom,  and 
a  digestive  tube  are  present,  and  the  paired  appendages,  where  present, 
are  not  segmented. 

External  Structure.-^The  segmentation,  which  is  the  most  character- 
istic featnre  of  annelids,  is  approximately  equivalent  (Fig.  461, A). 
This  is  the  most  pronounced  in  the  Ciueiopoda,  in  which  it  affects  both  the 
inner  and  the  outer  structure,  the  segments  or  somites  being  separated 
from  one  another  by  muscular  partitions  called  dissepiments;  in  the 
Hirudinea  and  the  Myzostomida  the  internal  structure  is  also  completely 
segmented  but  the  rings  which  appear  on  the  outer  surface  may  not  mark 
the  somites;  in  the  Echiurida  the  larval  worm  alone  is  segmented. 

A  heSEtd  is  more  or  less  distinctly  marked  in  most  annelids  and  contains 
the  mouih,  the  brain,  and  also  often  tentacles,  cirri  and  palps,  which 
may  have  a  tactile  and  often  a  respiratory  function;  eyes  are  also  often 
present  The  head  is  typically  composed  of  two  divisions  (Fig.  459),  the 
prostomium  and  the  peristomium  or  metastomium.  The  first  of  these 
divisions  is  a  distinct  projection  which  forms  the  anterior  end  of  the 
animal;  it  lies  in  front  of  the  mouth  (Fig.  450,  A)  and  contains  the  brain 
and  the  eyes,  tentacles,  and  palps,  if  these  are  present  The  second  con- 
tains the  mouth,  which  is  ventral  in  position,  and  often  cirri,  and  is  con- 
tinuous with  the  segmented  trunk,  in  many  annelids  appearing  as  a 
part  of  it. 

Paired,  segmental  appendages,  which  in  the  annelids  are  muscular 
projections  of  the  body  wall  and  are  called  parapodia,  are  present  in  the 
Polychista  and  the  Myzostomida,  and  all  annelids  except  the  Hirudinea, 
most  Archiannelida,  and  the  Discodrilidae,  possess  paired,  segmental  g^ups 
of  bristles,  which  are  called  setae  and  assist  in  locomotion.  The  parapodia 
are  locomotory,  respiratory,  and  tactile  in  function.  The  Hirudinea  and 
a  few  other  groups  possess  suckers,  which  assist  in  locomotion. 

The  outer  surface  of  the  body  of  annelids  is  a  cuticula  and  is  usuaUy 
not  ciliated  in  the  adult  worm. 

<  See  "Inyertebrate  Animals  of  Vineyard  Sound,*'  by  A.  B.  VerriU,  Rep.  IT.  8. 
Com.  Fish,  for  1871-72.  "Preliminary  Account  of  the  Marine  Annelids  of  the  Padfle 
Coast,"  etc.,  by  H.  P.  Johnson,  Proc.  Cal.  Acad.  Scl.  (3),  Vol.  1,  1897.  "A  Biological 
Barrey  of  the  Waters  of  Woods  Hole  and  Vicinity/'  by  F.  B.  Sumner,  et  aL,  Bnll.  Bar. 
WtalL,  Vol.  31,  1013. 

277 


278  ANNELIDA 

Internal  Stntdure.—The  body  wall  consists  of  the  cuticula^  which 
forms  the  outer  covering,  the  hypodermis,  a  single  layer  of  cells  which 
secretes  the  cuticulay  and  two  layers  of  muscle  fibers,  an  outer  ciixsular 
and  an  inner  longitudinal  layer.  In  the  Hintdinea  and  Myzostomida  the 
body  cavity  is  filled  more  or  less  completely  with  a  vacuolated  connective 
tissue  and  muscle  fibers,  similar  to  the  parenchyma  of  the  Plathelminthes. 
In  other  annelids  a  spacious  body  cavity  is  present,  which  is  usually 
divided  by  the  dissepiments  into  as  many  separate  spaces  as  there  are 
somites. 

The  mouth  leads  into  the  pharynx  (Fig.  487,5),  which  in  most  anne- 
lids can  be  thrust  out  through  the  mouth  to  form  a  proboscis,  and 
is  the  means  by  which  the  lanimal  takes  its  food.  An  oesophagus  is 
usually  distinctly  marked  and  is  followed  by  the  intestine,  which  in  most 
eases  is  straight  and  passes  to  the  anus  at  the  hinder  end  of  the  body;  in 
many  annelids  a  pair  of  lateral  intestinal  pouches  is  present  in  each 
somite  and  a  dorsal  and  a  ventral  longitudinal  mesentery  joins  the  intestine 
with  the  body  walL 

A  well-developed  system  of  blood  tubes  (Fig.  487, 7)  is  present  in  all 
except  the  lowest  annelids,  which  often  carry  red  blood,  the  most  impor- 
tant of  which  are  a  dorsal  longitudinal  tube  just  above  the  intestine,  a 
ventral  tube  just  beneath  it,  and  transverse  tubes  placing  these  in  com- 
munication with  each  other.  The  body  cavity  has  also  a  circulatory  fluid 
of  its  own  which  in  many  annelids  is  in  open  connection  with  the  blood 
tubes. 

The  excretory  system  (Fig.  479,6)  consists  typically  of  a  pair  of 
coiled  tubes  called  kidney  tubules  or  nephridia  in  each  somite.  Each  neph- 
ridium  opens  into  the  body  cavity  by  the  ciliated  nephrostome  at  one  end 
and  to  the  outside  through  a  pore  in  the  body  wall  at  the  other.  Respira- 
tion is  carried  on  through  the  entire  outer  surface  of  the  body.  In  the 
Polychata,  however,  special  respiratory  organs  are  present  in  the  form  of 
projections  of  the  parapodia  or  the  appendages  of  the  head. 

The  nervous  system  (Fig.  479)  consists  of  paired,  segmental,  ven- 
trally  situated  ganglia  and  a  pair  of  longitudinal  nerves  joining  theuL 
The  anterior  ganglionic  mass  constitutes  the  brain ;  it  is  dorsal  in  position, 
being  situated  above  the  phaiynx  in  the  prostomium.  In  their  most 
primitive  condition  these  two  longitudinal  nerves  are  separated  from  each 
other,  but  in  most  annelids  they  lie  close  together,  forming  a  single  strand. 
Special  sense  organs  exist  in  a  variety  of  forms.  Tactile  organs  in  the 
form  of  the  paired  appendages  of  the  head  and  trunk  characterize  the 
polychiBts  and  the  Myzostomida;  in  the  oligochaats  and  leeches  the  entire 
forward  portion  of  the  body  is  highly  sensitive.  Eyes  are  present  in 
pofychaBts  and  leeches,  and  a  few  of  the  former  also  possess  lithocysts. 
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In  the  unisexual  annelids  (most  polychaBts)  the  leproduetive  organs 
are  not  well  marked  except  during  the  period  of  breeding,  when  they 
appear  as  specialized  portions  of  the  peritoneum.  The  hermaphroditic 
annelids  on  the  other  hand  have  a  complicated  system  of  reproductive 
organs  (Fig.  479).  The  unisexual  forms  are  mostly  bom  in  the  form  of 
the  trochophore  larva,  which  goes  through  a  complicated  metamorphosis 
before  reaching  the  condition  of  the  adult :  in  the  hermaphroditic  annelids, 
the  development  is  usually  direct,  the  young  worm  when  bom  having  the 
form  of  the  parent  The  body  of  the  typical,  primitive  annelid  may  be 
divided  into  two  portions,  the  prosoma,  or  the  primitive  head,  and  the 
metasoma,  or  the  primitive  segmented  trunk.  The  trochophore  larva, 
which  in  most  cases  is  supposed  to  represent  the  prosoma  alone,  is  a 
simple  unsegmented  animal,  the  metasoma  not  yet  having  made  its  appear- 
anea  The^metasoma  soon  begins  to  grow,  however,  at  the  posterior  end 
of  the  prosoma,  the  segments  or  somites  developing  one  after  the  other  as 
the  worm  increases  in  length,  until  in  some  cases  a  himdred  and  fifty  or 
more  may  be  present  in  the  adult  worm.  In  the  higher  annelids  the 
prosoma  annexes  one  or  more  of  the  anterior  somites  of  the  trunk  and 
forms  thus  a  head  of  increased  size  and  complexity  in  which  we  can  dis- 
tinguish the  two  divisions  already  mentioned,  the  prostomium  and  the 
peristomium. 

In  the  hermaphroditic  annelids,  which  have  a  direct  development, 
these  processes  go  on  in  the  egg  and  the  young  worm  is  bom  with  its 
definitive  form,  although  usually  not  with  the  full  number  of  somites. 
Many  annelids  reproduce  also  asexually  by  transverse  divisions  or  by 
serial  or  even  lateral  budding. 

Distributions  and  Hahits^—AU  annelids  live  in  the  water  or  in  moist 
places  on  the  land  or  in  the  earth,  the  majority  being  marine.  Most  of 
them  are  predaceous  animals,  although  the  oligocheBts  live  chiefly  on  veg- 
etable substances.  The  leeches  are  either  predaceous  or  parasitic  and  the 
Myzostomida  are  exclusively  parasitic. 

B^istory.^lt  was  Cnvier  who,  in  1798,  first  called  attention  to  the 
fundamental  difference  in  structure  between  the  higher  and  the  lower 
worms,  and  Lamarck  who  gave  the  former  the  name  Annelides.  Savigny 
(1820)  subdivided  the  group  into  the  Annelides  nereideae,  serpuleae,  lum^ 
hridneae,  and  hirudineae,  and  may  be  considered  the  founder  of  the 
modem  classification.  Milne-Edwards  (1834)  introduced  the  subdivisions 
Annelides  errantes,  tuhicoles,  and  terricoles,  which  for  sixty  years  or  more 
had  a  t>la<^  ^  the  system,  and  Grube  (1851)  the  subdivisions  Polychceta 
and  Oligochaia,  which  are  still  in  general  use.  In  more  recent  times 
Ehlers  h)as  been  peiiiaps  the  most  active  in  the  development  of  the  system. 

The  phylum  contains  about  4,500  species  grouped  in  4  classes. 
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Key  to  the  daases  of  Annelida: 

Ox  No  suckers  or  sucker-like  organs  present  (except  ia  the  Difooilrilfdoe)  ; 
segmentation  usually  distinct  externally.  .   ^^ 

hi  No  setae  (except  in  ChisBtogordiut)  or  parapodia  present.  1.  Aechtanwkuda 
5,  Setae  present 2.  Ghjbtofoda 

Os  Suckers  or  sucker-like  organs  present. 
hi  Body  ringed  externally  with  a  terminal  sucker  at  each  end ;  leeches. 

8.   HiBUDINKA 

h^  Body  flat  and  oyal  in  shape  with  6  pairs  of  parapodia  and  4  pairs  of 

sucker-like  organs ;  parasites  on  echinoderms • .  .4.  MTZOBTOiODtA 

Class  1.    ABOHIANNELIDA. 

Primitive,  marine  worms  of  small  size,  which  are  probably  near  the 
base  of  the  line  of  the  Annelida,  having  many  characters  which  ally  them 
to  larval  polyehflBts:  2  isolated,  genetically  unrelated  families. 

K^  to  the  families  of  Archiannelida: 

Oi  Body  with  5  or  6  segments,  marked  by  ciliated  bands 1.  Dinophilidab 

O9  Body  with  numerous  segments 2.  Poltgobdiidab 

Familt  1.    DINOPHILIDAK* 

Minute,  marine  worms  living  among  seaweed;  body  short,  thick,  and 
cylindrical,  and  made  up  of  a  head  or  prostomimn,  a  tnmk  consisting  of 

5  or  6  segments,  and  a  telson  or  tail;  head  with  a  pair  of 
eyes,  2  bands  of  cilia  and  tactile  bristles,  no  tentacles 
being  present;  each  segment  with  1  or  2  bands  of  cilia; 
ventral  surface  also  ciliated;  sexes  separate  and  develop- 
ment simple,  the  worm  becoming  adult  at  a  stage  resem- 
bling a  polychietous  larva:  1  genus  and  about  9  species,  3 
American. 

DoroPEZLVa  Schmidt    With  the  eharaotere  of  the 
family. 

D.  pygnuBUS  Yerrill.    Length  .7  mm.;  width  .16  mm.; 

trunk  segments  5;  color  whitish:  Woods  Hole,  on  piles. 

Ffg. 448  I^*  gardineri  A.  Moore.    Color  orange  red;  trunk  seg- 

^oof&Hni'       ments  6;  body  ciliated  in  addition  to  the  eiliated  bands: 

(Nelson).         ^^^^^  ^^j^^  ^  brackish  pools. 

D.  conUini  Nelson  (Fig.  448).  Length  .5  to  1  mm.;  colorless;  trunk 
segments  6:  New  Jersey  coast. 

Familt  2.    POLYGOBDIIDAE. 

Small,  marine  annelids  in  which  the  segmentation  is  completely 
equivalent  and  often  indistinctly  marked  externally  or  not  at  all,  and 

*  See  "DinopMlldae  of  Mew  Bnglandp'*  by  A.  B.  VerrlU,  Trans.  Conn.  Acad.,  VoL 
8,  p.  467.  "The  Morphology  of  Dinophllus  conklini  n.  sp./*  by  J.  A.  Nelson,  Proc 
Acad.  Nat  Sci.,  Phila.,  Vol.  69,  p.  82,  1907. 
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Fig.  440 

Larva  of 

Polygordiut 

appekdioulatua 

(CowleB). 


whieh  have  no  parapodia  and  usually  no  segmental  setae;  head  com- 
posed of  prostominm  and  metastomium,  the  former  lying  in  front  of 
the  mouth  and  hearing  a  pair  of  tentacles,  the  latter  larger  than  the 
prostominm   and   without   appendages;    body   cavity, 
digestive,  excretory,  and  vascular  systems  typically 
annelidan  in  character;  nervous  system  subjacent  to 
the  hypodermis  and  without  distinct  ganglia;  animals 
nnisezual,  the  genital  products  developing  from  special- 
ized regions  of  the  peritoneum  during  the  breeding 
season;   young  bom  as  trochophore  larvae:   2  or  3 
genera;  the  larvae  are  common  in  the  plankton  at  many 
places  along  the  Atlantic  coast,  but  with  the  exception 
of  Chegtogordius  no  adult  worms  have  been  found. 

1.  PoLTOOBonni  Schneider.    Body  filiform;  segmentation  indistinct 

at  the  forward  end  but  more  distinct  at 
the  hinder;  tentacles  short;  anal  segment 
enlarged:  about  6  species. 

P.  appendiculatus*  Fraipont  (Fig. 
449).  Length  20  mm.;  body  salmon  color; 
2  lon^  anal  appendages  present:  Atlantic 
coast  (only  larval  forms  heretofore 
found);  Mediterranean. 

2.  OHJETOGORDnrst  Moore.  Segmenta- 
tion as  in  PolygorcUus;  hindermost  10  or 
12  segments  setigerous;  no  anal  enlarge- 
ment: 1  species. 

0.  caaaUculatus  Moore  (Fig.  450).  Length  30  mm.:  among  marine 
oligoeiuets  on  Cape  Cod. 

Class  2.     0HAT0P0DA4 

S^mentation  distinct,  except  in  the  Echiurida,  both  internally  and 
externally;  setae  segmentally  arranged  in  groups  on  the  parapodia,  where 
these  are  present,  or  sunk  in  pits  on  the  integument:  3  orders* 

^  Bee  "On  the  Bearing  of  the  Larvae  of  PolygordinB  appendicnlatns  and  the 
Occurrence  of  the  Adnlt  on  the  Atlantic  Coast  of  America/*  by  B.  P.  Cowles,  BloL. 
BnlU  Vol  4,  p.  125,  1908. 

t  See  "A  New  Generic  l^pe  of  Polygordlns/*  by  J.  P.  Moore,  Am.  Nat,  Vol.  38, 
p.  S19, 1904. 

t  See  "Annelida  Ch»topoda  of  New  Jersey,"  by  H.  B.  Webster,  Thirty-second  Rep. 
N.  T.  St.  Mus.  Nat  Hist,  p.  128,  1879.  "New  Bngland  AnneUds,"  by  A.  B.  Verrlll, 
Trans.  Conn.  Acad.,  Vol.  4,  p.  285,  1881.  "The  Annelida  Cluetopoda  from  Province- 
town,"  etc,  by  H.  B.  Webster  and  J.  B.  Benedict,  Rep.  Com.  Fish,  for  1881,  p.  699, 
1884.  "The  Annelida  Cluetopoda  from  Bastport,  Maine,"  by  same,  same  jour,  for 
1886,  p.  707, 1887.  "The  Annelida  Chctopoda  of  Beaufort,  N.  C,"  by  B.  A.  Andrews, 
Proc  U.  8.  Nat  Mas.,  Vol.  14,  p.  277,  1891.  "Polycheta  of  the  Puget  Sound  Region," 
by  H.  P.  Johnson,  Proc.  Boat  8oc.  Nat  Hist,  VoL  29.  p.  381, 1902, 


Fig.  450 — Ohaiogi^rdiuB  oana- 
UoutatUB  (original  drawings  by 
J.  P.  Moore).  A,  anterior  end; 
B»  posterior  end. 


282 


ANNELIDA 


Key  to  the  orders  of  Chcstopoda: 


Oi  Segmentation  distinct 
61  Parapodia  with  complex  groups  of  setae ;   usually  cephalic  appendages 

present ;  mostly  marine « i .  J 1.  PoLTCHiBTA 

6a  No  parapodia  or  cephalic  appendages  present;    mostly  fresh-water  or 

terrestrial * ...  .2.  OuGOOHiKTA^ 

Oa  Segmentation  indistinct  or  wanting  in  adult;  marine.. 3.  Bchiureda. 


A 


«  ■  ■ 


Fig.  461 — ^Diagram  of  parapodia 
(Cambridge  Natural  History).  A, 
Nephthys:  B,  Amphinome;  C,  Gly- 
cera;  I>,  SylllB;  B,  Leodice;  F,  Phyl- 
lodoce.  1,  Dotopodlum ;  2,  neuropo- 
dlum ;  3,  drms. 


Obder  1.    POLTOHiETA. 

Mostly  marine  annelidsy  either  free- 
swimming  or  sedentary,  which  are  pro- 
vided with  parapodia.  Two  portions 
may  usually  be  distinguished  in  the 
parapodium  (Fig.  451),  the  dorsal  no- 
topodium  and  the  ventral  neuropodium, 
both  of  which  may  contain  setae;  two 
cirri,  a  dorsal  and  a  ventral,  extend 
from  it.  In  the  sedentary  polychsta 
the  parapodia  are  much  reduced  in 
size  on  either  the  whole  or  a  part  of 
the  body  and  in  a  few  they  are  entirely 
wanting. 
The  polychfets  have  a   distinct   head  which   is  usually  provided 

with  special  sense  organs  (Fig.  452).    The  prostomium  may  bear  ten- 
tacles, which  may  number  from  one 

to  ten  and  are  dorsal  in  position, 

and  two  palps  which  are  ventral 

and  in  certain  forms  are  broken 

up  into  long  respiratory  filaments. 

Elongated    peristomial    cirri   may 

also  be  present.     Eyes  are  often 

present    on    the    prostomium    and 

lithocysts  are  found  in  a  few  forms 

{Arenicola),     The  mouth  is  in  the 

peristomium  and  is  often  provided 

with  a  proboscis.     Polychiets  are 

often  highly   colored;   bright   red, 

green,  blue,  and  yellow  tints  char- 
acterize many  of  them  and  make 

them  very  beautiful  animals. 

Polychfets  are  usually  bom  as 

troehophore  larvae  and  pass  through  a  metamorphosis  before  reaching 

the  adult  stage.    Many  reproduce  asexually  by  serial  or  even  lateral 


Fig.  462 — Diagram  of  the  heads  of 
yariouB  polychiets  (Cambridge  Natural 
History).  A,  polynoid;  B,  syllld;  C» 
Nephthys;  D,  Leodice:  B,  Phyllodoce; 
F,  Trophonia.  1,  prostomliiin ;  %  peri- 
stomium; S.  tentacles;  4,  palps;  S, 
peristomial  cirrL 
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budding.  In  many  the  anterior  part  of  the  body  is  eezless  and  is  called 
the  atoke,  while  the  hinder  part  is  seznal  and  is  called  the  epitoke,  these 
two  portions  being  different  in  appearance;  in  some  the  epitokes  break 
off  from  the  atokes  and  swim  about  independently,  while  the  atokes  bud  ofE 
new  epitokes.  The  palolo  worm  of  the  Samoan  and  Fiji  Islands  is  the 
epitoke  of  Leodice  vtridis,  which  comes  to  the  surface  in  great  numbers  at 
the  full  of  the  October  moon  to  breed,  and  which  are  caught  by  the  natives 
for  food.  The  palolo  worm  of  the  Atlantic  is  L.  fucata.  In  Syllis  the 
epitoke  forms  a  new  head;  in  Autolytua  this  happens  before  separation. 

In  certain  species  of  Nereis  heterogony  is  present,  a  small  pelagic 
form  alternating  with  a  large  one  which  lives  at  the  bottom. 

Distribution  and  Habits,— A  very  few  polychasts  live  in  fresh  water 
{Manayunkia  in  the  Schuylkill,  a  Nereis  in  California,  and  several  others) ; 
the  remainder,  which  are  marine,  are  almost  all  bottom  animals  which 
burrow  in  the  sand  or  in  rocks  or  live  in  tubes  they  have  built  for 
themselves  of  lime  or  other  material.  They  are  found  at  all  depths  and 
are  usually  numerous  in  all  parts  of  the  world.  The  free-swimming  poly- 
chffits  are  predaceous  animals,  while  the  sedentary  ones  live  on  all  kinds  of 
organic  substances;  a  few  are  parasitic,  and  a  number  commensalistic. 

The  order  contains  about  39  families  and  2,500  species  grouped  in  7 
saborders. 

Key  to  the  suborders  of  Polychata : 

Ox  Worms  free-swimming  or  burrowing,  a  few  tubicolons ;  head  distinct,  with 

tentacles  and  palps 1.  Nebeidifobmia 

o.  Worms  tubicolous  or  burrowing;  head  not  so  distinct  and  not  provided 
with  both  tentacles  and  palps ;  sometimes  with  neither. 
hi  Peristominm  does  not  project  forwards  in  form  of  a  collar. 
Ct  Head  with  gill  filaments  (except  in  Cirraiulidae) .,  •  ,S.  Tebbebellifobmia 
Cs  Head  without  gill  filaments. 

di  One  pair  of  long  peristomial  cirri  present 2.  Sfionifobmia 

dt  One  pair  of  retractile  tentacle-like  organs  on  head.  .4.  CAFiTELLiFOBiaA 
dt  Head  with  no  appendages  (except  in  ChlorhtBtnidae) ...  .5.  Scoi£OiroBMiA 
ft,  Peristomium  projects  forward  in  form  of  a  collar. 

C|  Peristomial  collar  not  setigerous 6.  Sabellifobmia 

0|  Peristomial  collar  setigerous 7.  Hebmellifobmia 


SUBORDEB  1.    NEBEIDIFOBMIA.* 

Well-developed  tentacles  and  palps  present;  peristomial  cirri  almost 
invariably  present;  parapodia  well  developed,  with  internal  skeletal  rods 
called  acicula  and  ventral  and  dorsal  cirri;  proboscis  present,  often 
with  prehensile  hooks;  worms  predacious,  a  few  forming  tubes:  about 
13  families. 

*  See  "Die  Borstenwarmer/'  by  B.  Bblers,  1864. 
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Key  to  the  families  of  Nereidiformia  here  described : 
a.  Back  partiallT  or  totally  covered  with  broad,  overlapplDg  scales, 
o.  Back  witbont  ih^  scale..  ^-  AraMDiTiDA. 
b.  Dorsal  cirri  broad  and  leal-like,  overlapping  one  another,  bnt  not  cover- 
ins  the  back 2.  PBTLLODOCIDAa 

b.  Cirri  not  broad  and  leaf-like. 

o.  Dorsal  cirri  usaall;  Ions  and  slender ;  asexual  badding  usual.  .3.  Stludae 
Ct  Dorsal  cirri  not  ver;  long ;  asexual  reproducUon  onnauai 
di  Pcostominm  not  annulated. 
Hi  No  large  teetb  or  jaws  on  proboscis. 

/,  ProboBcia  simple;  parapodie  nsnally  nniramous 4.  Hesionidak 

/,  Proboacis  divided  into  lobes ;  prostomlnm  amall  and  acute.  .9.  Abichdax 
e.  Two  or  more  large  teeth  or  jaws  usually  on  proboscis, 
/i  But  1  pair  of  jaws ;  1  pair  of  tentacles,  1  pair  palps  sad  4  pairs 

peristomial  cirri 5.  Nebeidab 

ft  Two  or  more  pairs  of  jaws. 

Qi  One  pair  of  dorsal  and  1  pair  of  ventral  jaws 6.  Nefhth TOidab 

0,  3a.-vrB  form  a  complicated  apparatus T.  Lbodicidab 

di  Prostomium  annulated;   tentacles  inconspicuoas ;  proboscis  very  large. 

8.  Oltokbidae 
Pamilt  1.    APHEODITIDAE.     (Fra.  452,  A.) 

Worms  with  imbricated  scales  (elytra)  on  tbe  back,  mostly  on  alter- 
nate segments,  which  may  take  the  place  of  dorsal  cirri;  slender  dorsal 
cirri  usually  alternate  with  the  scales;  head 
with   usually   3   tentacles   and    2    long  palps: 
numerous  genera  and  species. 

Key  to  the  genera  of  Aphroditidae  described : 
0,  Body  with  felt-like  bristles  on  sides  and  back 

concealing  tbe  elytra i.  Aphbodtia 

a.  Body  without  this  felt. 
6,  Body  with  but  few  pairs  of  elytra. 
e,  Prostomium  prolonged  into  the  base  of  the 
lateral  tentacles;    12  pairs  of  elytra. 

2.  Lepibomotdb 
0,  Prostomium  prodnced  forward  into  a  pair 
of  pointed  tips,  quite  free  from  the  base 

of  the  tentacles 3.  HaexotboU 

bi  Body  with  uumeroua  pairs  of  elytra. 

o.  Over  40  pairs  present 4.  PHOnoK 

Cf  Over  100  pairs  present 0.  Stsenklais 

1.  Aphsodita  L,    Body  elliptical,  with  15 

^,*™d«»%lSa  <Uoore).  P^"^  ^^  ^'y^'^'  ^''t*"  ^^  «'^«™'^  *"?  *^« 
long  felt-like  setae  arising  from  the  notopo- 
dium;  strong  dorsal  setae  also  present,  projecting  through  tbe  felt;  1 
short  tentacle  and  2  long  palps  on  the  head :  about  15  species,  2  in  tba 
"Woods   Hole  region. 

A.  hastata  Moore  (Fig.  453).    The  Sea  Mouse.    Body  short,  vide, 
and  thick,  the  sides  and  back  covered  with  tbe  iridescent  felt;  dorsal 


Fig.  454 
Leptaonoliit 

tqaamaliu 
(Verrill). 
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setae  carve  over  the  back  to  the  middle  line  where  they  end  in  hooks; 
len^  12  em.;  vridth  4  cm.:  Vineyard  Sound,  in  from  10  to  100 
faUioms. 

S.  lAiiDOHOTira  Leach.  Body  broad,  vith  neatly  paraUel  sides, 
and  12  pairs  of  elytra;  head  with  3  tentacles,  2  long  palps,  and  2  pairs 
of  peristomial  cirri;  eyes  aessile:  ander  stones  near  tide 
lines;  2  New  England  apecies. 

Zb  Mliuuiutiu  (L.)  (Fig.  454).  Elytra  tnberonlated; 
color  dark  brown;  length  about  3  cm.;  width  8  mm.;  very 
common  from  New  Jersey  to  Labrador;  Europe. 

Xb  Boblerifl  Verrill.  Elytra  smooth;  color  light  brown 
or  gray,  with  spots;  length  about  3  cm.;  width  7  mm.: 
Yirginia  to  Massachusetts;  not  so  common  as  the  above. 

5.  EaBKOTBOS  Kinbei^.  Body  flattened  and  elon- 
gate, with  IS  pairs  of  elytra;  head  bUobed  and  with  3 
tentacles,  2  long  palps,  2  pairs  of  peristomial  cirri  and  4 
eyes;  s^ments  completely  or  nearly  covered  by  elytra: 
2  New  England  species. 

H.  imbiicata  (L.).  Color  variable,  grayish  or  brownish,  sometimes 
with  a  black  dorsal  stripe;  42  to  44  segments;  2  to  3  cm.  long:  Long 
Island  to  Greenland;  from  low-wat«r  mark  to  60  fathoms;  Europe; 
North  Pacific. 

H.  acnleata  Andrews  (Fig.  455).  Surface  covered  with  spines;  34 
segments;  length  up  to  2  em.:  the  com- 
monest scale  annelid  at  Beaufort,  N.  C; 
nnder  stones,  etc.,  in  shallow  water. 

4.  Fholos  Johnston.  Body  with 
less  than  70  segments  and  with  numer- 
ous pairs  of  elytra  which  alternate  with 
the  dorsal  cirri  anteriorly  but  occur  on 
every  s^ment  posteriorly ;  2  pairs  eyes ; 
2  short  peristomial  cirri;  1  tentacle: 
several  species,  1  is  New  England. 

P.  minnta  (Fabricius)  (Fig.  456). 
Namber  of  s^ments  in  adult  about  68; 
number  of  pairs  of  elytra  44;  length 
2  cm.:  Cape  Cod,  and  northwards;  in  shallow  water;  Enrope;  North 
Pacific. 

6.  Stxevxlais  Kinberg.  Elongated  worms  with  numerous  seg- 
ments (over  100)  and  but  1  tentacle;  2  pairs  eyes;  elytra  very  nnmer- 
ons,  alternating  with  dorsal  cirri  anteriorly  but  on  every  segment  poa- 
terioriy:  many  species,  2  in  the  Woods  Hole  region- 


Fix.  46e 


• 


drews).  1,  proboicls;  2,  palp  ;  3, 
teotaclea;  4,  perlatDinlnl  drrl ;  B, 
praetDnilam.      Tig.    468  —  Pholof 


a  (LeuDli). 
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S.  leidyi  Quatrefages  {8.  picta  Verrill).  More  than  150  pairs  of 
elytra  present;  color  grayish  with  a  mid-dorsal  stripe;  head  brown  with 
a  central  red  spot  and  a  white  spot  on  each  side;  length  15  cm.;  width 
4  mm.:  North  Carolina  to  Massachusetts  Bay,  in  shallow  water. 

Family  2.    PHYLLODOCIDAE.     (Fio.  452,  E.) 

Elongated,  active  polychiets  with  broad,  leaf -like  dorsal  and  ventral 
cirri  which  do  not  cover  the  back;  prostomium  with  4  or  5  short  ten- 
tacles and  2  or  4  eyes;  peristomium  with  usually  4  long  cirri  on  each 
side;  proboscis  with  longitudinal  rows  of  prominent  papillae:  about  a 
dozen  genera  with  numerous  species. 

Key  to  the  genera  of  Phyllododdae  here  described : 

Ox  Four  pairs  of  peristomial  cirri  present. 

&i  Four  tentacles 1.  Phtllodoce 

5a  Five  tentacles 2.  Euiaua 

a.  Two  pairs  of  peristomial  cirri 3.  Etbonb 

1.  Phyllodooe  Savigny.  Body  long,  slender,  and  flattened,  with  4 
tentacles  on  the  prostomium,  and  often  a  pair  of  rudimentary  parapodia 
on  the  peristomium  together  with  the  cirri:  about  60  species,  7  in  New 
England. 

P.  gronlandica  Oersted.  Color  green  or  yellowish  with  irregular 
brown  markings;  usual  length  10  to  15  cm.:  New  Jersey  to  Greenland, 
from  low-water  mark  to  50  fathoms. 

P.  catenula  Verrill.  Color  pale  green  with  longitudinal  rows  of 
brown  spots  on  the  back;  prostomium  longer  than  broad,  with  a  pair  of 
large  brown  eyes;  tentacles  short;  peristomial  cirri  very  long;  length 
up  to  7  cm. ;  width  1.5  mm. :  Rhode  Island  to  Bay  of  Fundy  and  north- 
wards, from  low-water  mark  to  50  fathoms;  common. 

2.  EuxALZA  Oersted.  Body  slender  and  flattened,  with  5  tentacles 
on  the  prostomium  and  4  pairs  of  peristomial  cirri:  7  species  in  New 
England. 

E.  pistada  Verrill.  Color  bright  yellowish-green;  body  slender; 
tentacles  short;  peristomial  cirri  long;  length  4  cm.;  width  1.5  mm.: 
Long  Island  Sound  to  Maine,  in  4  to  12  fathoms,  among  hydroids,  etc. 

3.  Eteovs  Oersted.  Body  slender,  flattened  with  4  tentacles  and 
2  pairs  of  cirri  on  somite  2  which  is  fused  with  the  peristomium:  4 
species  in  New  England. 

E.  alba  Webster.  Color  white;  length  40  mm.:  on  mussel  beds; 
New  Jersey  to  Cape  Cod. 

Family  3.    8TLLIDAE.     (Fio.  452,  B.) 

Elongated  worms,  mostly  under  an  inch  in  length,  with  usually  very 
long  slender  dorsal  cirri,  which  may  be  flattened;  prostomium  with  3 
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teotacles,  2  pftlps,  and  4  eyes;  peristominm  with  2  cirri  on  each  side; 
reproduction  nomtally  by  aaeznal  budding:  numerous  Bpeeiea;  abondant 
in  clean,  Bhallow  water  among  hydroids,  mussels,  and  tunioates. 

Key  to  the  genera  of  SyUidae  here  described : 
Oi  Palpe  prominent;   ventral  drri  preaent;   tentacles  and  cirri  B^mented. 

1.  Stujb 
a*  Palps  mdimentary ;   ventral  drri  absent ;    tentacles  and  cirri  filiform. 

2.  AinnLTTDS 

1.  Stllib  Savigny.  Tentacles  and  cirri  anniented,  the  latter  often 
terminally  dilated;  palps  lai^;  new  individnals /formed  by  terminal, 
and  m  case  of  Syllis  ramoia,  lateral  budding:  nnmerous 

epecies,  2  in  the  Woods  Hole  r^on. 

8.  pallida  Verrill.    Body  slender,  tapering  at  both 
ends,   15  to  25  mm.   long;  color  white; 
Long  Island  Sound  to  Bay  of  Fundy;  in 
mud,  sand,  and  on  shells,  from  low-water 
mark  to  30  fathoms. 

2.  AnroLTTDi'  Grabe.  Tentacles  and 
cirri  not  segmented;  palps  rudimentary 
or  absent ;  ventral  cirri  wanting ;  the 
yonng  individual  acquires  a  head  before 
separating  from  the  parent,  and  a  num- 
ber may  be  present  in  a  row;  males  and 
females  differ  in  appearance:  numerous 
species,  6  in  the  Woods  Hole  region. 

A.  comntns  A.  Agassiz.  Length  15 
mm. ;  color  pinkish ;  full-grown  male  hav- 
ing: 30  s^ments,  female  40  to  50  seg- 
ments: New  Jersey  to  Bay  of  Pnndy, 
from  low- water  mark  to  15  fathoms; 
common. 

A.  Tariaiu  Verrill  (Pig. 457).   Lei^b 
15  mm.;  intestine  with  bright-red  spots  which  can  be  seen  throng  the 
body  wall:  North  Carolina  to  Maine,  often  among  hydroids. 


Big.  457 


Fig.  458 


Fig.    467  — ^«taf«t 
(UenBcb).     1,  tenUcV.    _,  ,— 
■tomial^drrl ;   S,  baddlng  iDdlvld- 


Faiolt  4,    HESIONIDAE. 

Body  rather  short  and  often  cylindrical;  parapodia  nsnally  onira- 
mons  and.  with  long,  jointed  dorsal  setae;  4  eyes,  2  or  3  tentacles,  and 
2  palps  on  the  proetomium;  peristominm  with  long  cirri:  species  not 
numerous. 


*  Be«  "AntoijtDi,' 


J  P.  C,  Hentch,  Joor.  Horpb-,  Tol.  10,  p.  a<»,  IMO, 
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PoDABXB  Ehlers.  Six  pairs  of  long  cirri  on  the  peristomium  and 
first  two  somites:  several  species. 

P.  obscnra  Yenill  (Fig.  458).  Color  variable,  usually  brown  or 
blackish,  sometimes  with  transverse  bands;  length  up  to  4  em.;  width, 
including  setae,  3  mm.:  Gulf  of  Mexico  to  Cape  Cod;  on  eel  grass  and 
under  stones;  abundant. 

Familt  5.    NEBEIDAE.    (Fro.  459.) 

Elongated  polychsets  with  2  small  tentacles,  2  palps,  4  eyes  on 
the  prostomium,  and  4  pairs  of  peristomial  cirri;  proboscis  with  2 

large  jaws;  parapodia  well  developed:   several 
genera. 

Ne&sib  L.  Clam  worms.  Body  elongate  and 
flattened;  in  some  species  during  the  sexual 
period  the  hinder  part  (epitoke)  of  the  animal 
with  the  sexual  products  differs  from  the  forward 
part  (atoke)  in  appearance  and  the  animal  is 
called  a  heteronereis :  numerous  species,  7  in  the 
Woods  Hole  region. 
N.  virens  Sars.  Large  worms,  flesh-colored,  with  a 
greenish  sheen;  jaws  black;  dorsal  division  of  notopo- 
dium  foliaceous;  length  up  to  30  cm.  or  more;  width 
1  cm.:  common  from  Long  Island  Sound  to  Labrador, 
buried  in  the  sand  near  the  low-water  mark;  breeding 
season  spring;  Europe. 

N.  limbata  Ehlers  (Fig.  460).  Color  brownish; 
jaws  light  amber-colored ;  dorsal  division  of  notopodium 
foliaceous;  length  up  to  15  cm.:  Maine  to  South 
Carolina;  in  the  sand  from  high-water  mark  to  5  fath- 
oms; abundant  south  of  Cape  Cod. 

N.  pelagica  L.  Color  reddish-brown;  body  widest 
in  the  middle;  dorsal  division  of  notopodium  conical; 
length  up  to  20  cm.;  width  8  mm.:  Virginia  to  Green- 
land; on  hard  bottoms  from  low-water  mark  to  100 
fathoms;  Europe;  North  Pacific. 

N.  limnicola'^  Johnston.  Color  reddish-brown;  length  47  mm.; 
width  3  mm.;  eyes  large  and  conspicuous:  in  fine  sand  in  Lake  Meroed 
(fresh  water)  near  San  Francisco. 


Fis.  450 — Head  of  a 
nereld.  1,  prostomium ; 
2,  tentacles ;  8,  palp ;  4, 
peristomial  cirri;  5, 
peristomium. 


Fiff.  460 

H9  limhata^-' 


NerMt 

anterior  end 

witb  extended 

proboscis 

(Verrill). 

1,  proboscis 

2,  jaws. 


*  See  "Fresb-water  Nereids  from  tbe  Pacific  Coast  and  Hawaii,**  etc,  bj  H.  F« 
Jobnston,  Mark  Ann.  Vol.,  p.  206, 1903« 
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Faxilt  6.    NEPHTHYDIDAE. 

Elongated  polychasts  with  flattened  dorsal  and  ventral  surfaces, 
giving  a  quadrangular  cross  section;  prostomium  with  4  small  tentacles, 
the  ventral  pair  being  modified  palps;  peristomium  with  parapodia  bear- 
ing setae  and  a  pair  of  short  cirri ;  proboscis  very  large  with  long  fleshy 
projections  in  front;  the  two  lobes  of  the  parapodia  widely  separate: 
few  genera  and  species. 

NXFHTHTB  Cuvier  (Fig.  452, C).  Characters  as  given  above:  nu- 
merous species,  4  in  the  Woods  Hole  region. 

R.  indsa  Malmgren  (N,  ingena  Stimpson).  Proboscis  with  large 
dorsal  and  small  ventral  papillae;  length  13  cm.;  color  white:  Long 
Island  Sound  to  Bay  of  Fundy  and  northwards,  from  below  low-water 
mark  to  60  fathoms,  on  muddy  bottoms;  Europe;  common. 

R.  bnoera  Ehlers  (N.  picta  Ehl.).  Body  slender  with  over  100  seg- 
ments; setae  very  long,  often  exceeding  in  length  the  diameter  of  the 
body;  forward  tentacles  longer  than  half  the  width  of  head;  length  20 
em.;  width  5  mm.:  South  Carolina  to  Massachusetts  Bay,  in  shallow 
water  in  sand,  and  among  rocks. 

Familt  7.    LEODICIDAE. 

EUongated  polychiets  with  a  complicated  jaw  apparatus  in  the  pro- 
boscis; the  cirri  of  the  anterior  parapodia  form  branching  gills  in  most 
species;  prostomium  either  with  3  to  5  tentacles  and  a  pair  of  palps  or 
without  cephalic  appendages;  usually  a  permanent  parchment-like  tube 
formed:  about  30  genera  with  several  hundred  species. 

Key  to  the  genera  of  Leodicidae  here  described: 

a,  Gills  present 
bx  Peristomiam  coBsisting  of  1  •egment  and  with  cirri ;   gills  branched. 

2.  DiOPATBA 

h^  Peristomium  consisting  of  2  segments. 

Ci  Gills  branched 1.  txoDiOB 

Ci  Gills  simple 3.  Mabphtsa 

a.  Gills  absent 

hi  Head  without  appendages. 

Ot  Eyes  absent 4.  Litmbbinkiieis 

Oa  Four^eyes  in  a  transverse  row 5.  Akabeixa 

5,  Head  with  appendages 6.  Staubonebeis 

1.  ZiBODZOB  Savigny  (Eunice  Cuvier)  (Fig.  452,  D).  Body  elongate 
with  numerous  segments;  peristomium  consists  of  2  segments  with  1  pair 
of  cirri;  5  tentacles  and  2  large  palps  present;  gills  begin  usually  on  sixth 
segmmt:  species  very  numerous,  2  in  the  Woods  Hole  region,  in  rather 
deep  water.  To  this  genus  belong  the  largest  known  polvchp^ts,  the  larg- 
est species  having  a  length  of  1  m.  and  more. 
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It,  focata*  Ehlers.  Atlantic  p&lolo  worm  (Fig.  461).  Length  op  to 
35  cm.,  the  atokal  portion  being  about  two-thirds  the  whole;  color 
brownish  or  yellowish:  Weet  Indies  and  Gulf  of  Mexico;  living  in  coral 
rock  and  swarming  within  3  days  of  the  full  of  the  Joly  moon. 

2.  DioPATKA   Ehlers.    Perisiomium  with 

1  pair  of  cirri;  5  tentacles  in  a  transverae 
curved  line  and  2  small  palps  present;  gills 
banning  several  s^menta  back  from  the 
bead:  many  species,  1  in  New  England. 

D.  cnprea  (Bobc)  (Kg.  462).  La^e 
worms  up  to  30  cm.  long  and  10  mm.  wide 
which  live  in  parchment-like  tubes  extending 

2  or  3  feet  in  the  sand,  the  upper  2  or  3  inches 
of  the  tube  projecting  into  the  water  and 
thickly  covered  with  shells,  etc.:  common  in 
shallow  water  and  between  tide  lines;  fjQJa 
South  Carolina  to  Cape  Cod. 

.  Ka&pktba  Quatrefages.  Peristominm 
consists  of  2  segments,  and  is  without  cirri; 
5  tentacles  in  a  transverse  row,  2  small  palps 
and  2  eyes  present;  gills  begin  about  the  20th  segment  but  are  variable 
in  this  respect:  1  species  at  Woods  Hole. 

H.  leklyi  Qnatr.  (2lf.  tmguinea  Leidy)  (Fig.  463).  Length  20  cm.; 
color  yellowish  or  brownish-red;  tubes  not  so  perfect  as  those  of  pre- 
ceding worms :  under  stones  and  in  the  sand  in  shallow  water;  from 
North  Carolina  to  Vineyu^  Sound.  y 

4.  LxmsDrcKEiB  Bl&inville  (Ltim- 
brieanereit  Ehlers).  Head  conical,  fnthout 
appendages  or  eyes ;  peristomium  consist- 
ing of  2  segments;  dorsal  cirri  flat,  and 
panpodia  small:  many  species,  5  at 
Woods  Hole. 

L.  tennis  (Verrill).  Body  filiform 
up  to  30  cm.  long,  with  the  diameter  of 
a  coarse  thread,  bright  red  in  color:  Vir- 
ginia to  Massachusetts;  burrowing  in 
mud  and  under  stones. 

G.  AxABBLU.  Gmbc.  Similar  to 
Lumbrinereis    but  with   usually    4   eyes 


FIs.  461 — Lsodioe  facata 
(Harer).  A.  enttre  worm; 
B,  bead  «nd.  1,  tcutaclM ' 
2,  palp;  3.  perlBtominin  :  4. 
penitomlal  cirri ;  5,  gllli. 


Fl«.4e2 

Fig.  463 — Dtonolraot 
tr»l  view  ot  anterior  — 

l,tentacleB;  2,  peril.-     

F^.  49^ — Marptigia  Itidiii — «iite- 
riocend  (Verrill). 


prostoi 


a   transverse   row   i 
:  several  species,  2  in  the  Woods  Hole  r^on. 
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Ml.  opaliiu  (Terrill)  (Fig.  404).  Body  cyliDdrieal,  Unrest 
middle,  reddiah  or  yellowish  in  color,  up  to  40  cm.  long,  and  3  nun 
North  Carolina  to  Maine;  burrowing  in  muddy  sand;  common 
Indies. 

6.  SIAVBOVXXXIS  Venill.  Prostomium  small  and 
qnadrangnlar  with  2  tentacles  and  2  palps;  gills  not 
presoit,  the  dorsal  cirri  being  long  and  slender:  several 
species,  1  in  the  Wooda  Hole  region. 

8.  palMnB  Verr.  Two  pairs  of  eyes  present;  color 
pale  yellow;  length  6  em.;  width  .7  mm.:  Vii^iinia  to  Cape 
Cod ;  in  the  sand  at  low-water  martc 

Pamilt  8.    GLTCEEIDAE.  ISsX 

Elongated  ^Undrical  wonns  with  usually  small  para-  '?v5iSi*)^ 
podia,  and  an  annulated  prostomium  which  bears  4  small 
tentacles  and  2  rudimentary  palps;  proboscis  very  large  and  long,  with 
4  teeth;  special  retractile  gills  present  either  on  the  body  wall  or  the 
parapodia:  aboat  6  genera;  the  worms  live  in  cylindrical  passages  in  the 
sand,  wfaidi  they  make  with  the  proboBcis. 

Key  to  the  genera  of  Glj/ceridae  here  described : 

Oi  Parapodia  of  same  Btructare  tbrougbout 1.  Gltckka 

«i  Parapodia  with  1  lobe  on  anterior  third  of  body  aod  2 

lobes  on  posterior  portions 2.  GonuDA 

L  OiTOZKA  Savigny.  Parapodia  of  the  same  atruo- 
tore  throughout:  several  species,  3  at  Woods  Hole. 

a.  dlbranchlata  Ehlers  (Fig.  465).  Length  20  cm.; 
proetomiom  sharp  and  conical;  both  dorsal  and  ventral 
^Is  large,  simple,  and  flat:  from  North 
Carolina  to  Bay  of  Fimdy  and  north- 
wards; in  shallow  water,  burrowing 
very  rapidly  in  sand  and  mud;  often 
very  common. 

a.   unerlcuia   Leidy    (Fig.   466). 
Length  20  cm. ;  width  4  mm. ;  dorsal  gills 
branched;   ventral   gills   absent:    from 
South  Carolina  to  Cape  Cod;  in  shallow 
water ;  not  so  common  as  G.  dtbranchiaia. 
2.  GoHUDA  Audouin  and  Edwards.     Parapodia  on  the  first  third 
of  the  body  with  a  single  lobe,  on  hinder  part  with  2  lobes;  several 
species,  2  in  New  England. 

Q.  macolata  Oersted.    Body  slender  with  about  194  segments;  the 
first  40  parapodia  1-lobed,   the   following  2-lobed;   2  principal  teeth; 


Els.  466 

<rlth  proboscts 
extended 
(Verrill). 
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length  10  cm. :  Maine  coast,  from  low-water  mark  to  30  fathomBy  in  rock 
and  sand;  Europe. 

Familt  9.    ABIGIIDAE. 

Usually  cylindrical  worms  with  short  knob-like  tentacles  and  palps, 
or  none  at  all,  and  with  filiform  gills  which  are  more  or  less  dorsal  in 
position:  the  worm  forms  a  tube  by  cementing  the  sand  around  its 
burrow,  the  position  of  which  can  be  detected  by  a  mound  at  the  opening; 
species  not  numerous. 

1.  Arzoza  Savigny.  Body  short  and  composed  of  many  small  s^* 
ments;  tentacles  and  peristomial  cirri  absent;  ventral  cirri  fimbriate  or 
pectinate:  several  species,  1  at  Woods  Hole. 

A.  omata  Yerrill.  Body  stout  and  somewhat  flattened;  gills  flat- 
tened, lanceolate,  and  beg^n  on  the  sixth  segment;  length  up  to  26  cm.; 
width  7  mm.:  North  Carolina  to  Cape  Cod;  in  shallow  water. 

2.  SooLOFLOS  Blainville.  Body  usually  elongate  and  fragile,  with- 
out tentacles  or  peristomial  cirri;  proboscis  lobulate:  several  species, 
3  at  Woods  Hole. 

8.  robustus  (Yerrill).  Large  worms  30  cm.  long  and  7  mnu  wide^ 
with  an  acute  head  and  small  anterior  parapodia;  elongate  gills  begin 
on  segment  26;  proboscis  divided  into  about  18  long  slender  lobes;  color 
yellowish-brown :  in  shallow  water,  from  North  Carolina  to  Cape  Cod. 

8.  fragilis  (Yerr.).  Body  12  cm.  long,  3  nun.  wide;  head  acute,  with 
a  6-lobed  proboscis;  the  gills  begin  to  appear  in  segment  16;  color  yel- 
lowish: between  tide  lines;  from  North  Carolina  to  Maine. 

SuBOBDEB  2.    SPIONIFORMIA. 

Neither  tentacles  nor  palps  present;  1  pair  of  long  peristomial  cirri 
usually  present;  parapodia  small,  the  dorsal  cirri  often  large  and  form- 
ing gUls;  proboscis  without  jaws;  worms  burrowing  or  tubieolous:  2 
families. 

Family  1.    SPIONIDAE. 

Small  burrowing  worms  with  a  pair  of  long  peristomial  cirri  which 
usually  curve  over  the  back;  dorsal  cirri  acting  as  gills;  proboscis  pres- 
ent, but  unarmed;  body  divided  into  2  regions:  in  tubes  in  the  sand,  or 
burrowing  in  wood  or  shells;  species  not  numerous. 

Key  to  the  genera  of  Spkmidae  here  described. 

At  Segment  5  not  enlarged. 

5t  Gills  on  hinder  half  of  body 1.  Sfb> 

5.  Gills  absent  on  hinder  half  of  body 2.  Laohiob 

Oa  Fifth  segment  different  from  the  others*  • 8.  PoLTDOia 
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1.  8no  Akbrieins.  Segments  alike  tbronghout;  head  with  a  promi- 
nent median  lobe  which  may  be  troneated  or  divided  in  front;  4  eyes; 
gills  on  all  the  segments:  several  species,  2  at  Woods  Hole. 

8.  setosa  Verrill  (Fig.  467).  Body  long,  flattened  above  and  rounded 
below;  parapodia  2-lobed;  color  green;  gills  and  cirri  red;  length  8  cm.; 
width  2.5  mm. :  Long  Island  and  Yinqrard  Sounds;  at  low- 
water  mai^ 

2.  Laonos  Malmgren.  Segments  alike  throughout; 
prostomium  with  2  or  4  eyes,  very  broad  in  front;  gills 
absent  from  hinder  half  at  least  of  body :  several  species, 
2  at  Woods  Hole.  Y\g.  467 

L.  {SeoUcoUfna  BlainvUle)  Tiridis  (Verrill).  Body  ^5iV^ewV 
flattened;  color  olive  green  or  brownish;  length  10  cm.;  ^^verrtiiT^ 
breadth  3  mm.:  Long  Island  and  Vineyard  Sounds;  near  ^'^nuSu^^^ 
low-water  mark;  often  common. 

8.  PoLTDOmA  Bose.  Fifth  segment  different  from  the  others,  being 
mneh  longer  and  with  characteristic  setae:  many  species,  7  at  Woods 
Hole. 

P.  condiamiii  VerriU.  Body  long  and  slender,  being  14  cm.  long 
and  1.5  mm.  wide,  with  200  segments;  color  grayish  or  yellowish:  very 
common  from  Cape  Cod  to  Nova  Scotia;  in  10  to  100  fathoms,  often 
borrowing  in  shells. 

Family  2.    GRSTOPTEBIDAE. 

Worms  living  in  U-shaped  parchment-like  tubes  up  to  50  cm.  long, 
bnried  in  the  sand  and  mud;  3  distinct  regions  in  the  body;  no  tentacles 
or  palps  present  and  but  1  pair  of  peristomial  cirri  which  tend  to  project 
backwards;  proboscis  wanting:  few  genera  and  species. 

OEJBTOPTBBini  Cuvier.  Parapodia  simple,  consisting  of  large,  ex- 
panded notopodia  in  the  anterior  body  region,  but  may  be  biramous  in 
the  other  two  regions:  15  species,  1  at  Woods  Hole. 

0.  pergamentacens  Cuv.  Body  short  and  stout;  anterior  region 
much  flattened;  middle  region  composed  of  1  segment  with  large  wing- 
like parapodia  and  4  swollen  segments;  body  walls  very  thin,  intestine 
and  genital  products  showing  through;  highly  phosphorescent;  length 
15  em.:  North  Carolina  to  Cape  Cod;  Europe. 

SuBOBDEB  3.    TEREBELLIFORMT  A , 

Prostomium  a  prominent  lobe  with  or  without  tentacular  filaments 
which  represent  the  tentacles  and  without  palps;  peristomium  with  or 
without  cirri;  parapodia  weak,  without  ventral  cirri,  the  dorsal  cirri 
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sometinies  anting  as  gills  on  the  anterior  or  all  segments ;  no  probosas  or 
jaws  present:  4  families;  worms  burrowing  or  tubicolous. 
Key  to  the  families  of  TerebelUformia: 

a.  Head  without  appendages !•  ClBE&TDIJDAB 

0,  Head  with  long  tentacular  filaments. 
b,  Teutacalar  filaments  very  long. 

0,  No  Mtae  on  head 2.  TKamnxnux 

0,  A  bundle  of  setae  on  each  side  of  head S.  A]ifhi.bbtidax 

b,  Tentacnlar  Qlaments  short 4.  AjipaxoTEHiDAx 

Familt  1.    CIBEATULIDAE. 

Small  and  medium-sized  cylindrical  worms  which  are  usually  found 
in  burrows  or  nnder  stones;  head  distinct  but  without  appendages  or 
proboscis;  parapodia  rudimentary,  bat  dorsal  cirri  very  long  and  fll&- 
mentons  and  acting  as  gills:  sev- 
eral genera. 

OlUUTULira  l«marck.  Head 
conical;  cirri  very  long  and  slen- 
der, a  pair  of  them  being  present 
on  almost  every  segment ;  a  trans- 
verse row  of  long  branchial  flla> 
ments  on  one  of  the  anterior  seg- 
ments: many  species,  4  At  Woods 
Hole. 

0.  drratns   (0.  F.  Miiller). 

Head  consists  of  a  prostominm 

and  a  peristomial  segment ;  a  row 

of  eyes  on  the  prostominm ;  length 

8  cm.:  width  4  mm.:   coast  of 

1,  dor«ai  cirrL  Maine ;   m   tni>ee   onder  stones; 

Europe. 

0.  grsndis  Yerrill  (Fig.  468).     No  eyes  present;  first  3  segments 

without  cirri;  color  yellowish-green;  Imgth  15  cm.;  width  6  mm.;  length 

of  longest  cirri  6  to  10  cm.:  Virginia  to  Cape  Cod;  in  sand  and  gravel, 

in  shallow  water;  common. 

Fauilt  2,    TFBEPEIjLFP A  T! 

Long  and  often  thick  worms  living  in  burrows  or  tubes;  head  with 
a  prominent  horseshoe-shaped  preorsl  lobe  whose  anterior  marpn  is 
reflexed,  behind  which  is  a  transverse  ridge  bearing  large  numbers  of 
long  tentacular  filaments  which  act  as  gills;  behind  these  are  usual^ 
1  to  3  pairs  of  branching  gills  belonging  to  the  anterior  segments ;  pars- 
podia  reduced;  both  capilliform  and  hooked  setae:  numerous  species. 
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Ke7  to  the  geaen  of  TeTtbeUidae  here  described : 
«,  Womu  not  fllamentonB ;  braDcUDK  gllla  prewnt. 
b.  Three  pain  of  braucbing  silk  present. 

Ci  GapilUform  setae  only  on  anterior  Bomites 1.  Ami 

o,  GapUliform  setae  also  on  posterior  aomitee. . . 
&i  Two  pairs  of  brauchlns  eills. 

Ci  CapllUform  setae  begin  on  •egment  4 2.  PistA 

o,  CapilUform  setae  begin  «d  segment  3 5.  Thelepub 

b.  Bat  1  gill,  wbicb  baa  4  branches 3.  TKamn.i.HMg 

0,  Worms  filamentous  and  blood  red ;  no  braocblng  gills. 

b,  Parapodia  simple 6.  POLTOIBSOS 

h,  ParapodiK  eiongsted  and  branched 7.  BnonxiBnAitCHUs 

1.  Amphit&iti  0.  F.  Miiller.  Body  cylindrical,  thickest  towards 
the  forward  end ;  3  pairs  of  branching  gills ;  aetae  begin  on  the  4tb  seg- 
uent  and  confined  to  anterior  part  of  body;  no  eyes:  many  species,  4 
in  the  Woods  Hole  i^ion. 

A.  ornaU  (Leidy)  (Fig.  469).  Color  pinkish;  length  np  to  30  cm., 
with  about  40  setigerooa  segment)!;  tentacular  filaments  very  long,  na- 
meroos,  and  contractile:  North  Carolina  to 
Cape  Cod,  at  low-water  mark;  common,  living 
in  flrm  tubes  which  are  sometimes  cast  up  on  S*  "^^-T  - 
the  beach.  ^  -^^^T*- 

A.  bnuuiea  (Stimpson).    Color  dark  red-  ~    ~' 

dish-brown;  segments  about  100,  25  of  which 
have  setae;  each  gill  with  7  to  12  brancbes; 
length  np  to  18  cm.:  north  of  Cape  Cod  at 
low-water  mark,  in  deeper  water  towards  the 
Bonth. 

8.  PiSTA  Malmgren.    Two  pain  of  branch- 
ing gills;  setae  begin  on  the  4th  segment  and 

extend  to  the  20th;  no  eyes;  first  3  somites  -.^^  a^^B^  Ta»>S: 
with  large  ventral  and  lateral  wings:  3  species  ''^»^^^^K  ^r1 
in  the  Woods  Hole  region.  ^.pM.ri.r?;^^  fVerHU,. 

P.  pafanata  (Verrill).    Body  rather  slen-         L  toDtacn^r^iamants 
der,  with  17  setigerons  s^meats;  color  reddi^- 

brown;  length  7  cm.;  width  2  mm.;  animal  constructs  tubes  of  bits  of 
abell,  etc.:  Long  Island  and  Vineyard  Sounds. 

3.  Tewebxllidbs  Sars.  Two  pairs  of  gills  present  which  are 
large  and  form  4  wide,  oomb-like  branches  on  a  single  peduncle;  ten- 
tacular filaments  numerous  (over  100) :  1  species  in  the  Woods  Hole 
region. 

T.  ftKBiiii  Sars.  Body  with  about  60  segments  and  reddish  in  color; 
length  7  cm.;  width  6  mm.:  Vineyard  Sound  to  Bay  of  Fundy;  in  10 
to  250  fathoms;  Europe. 
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4.  LsPEXA  Malmgren.  Three  pairs  of  branching  gilla;  setae  begin 
on  4th  segment  and  extend  the  length  of  the  body:  several  speciesi  1  in 
the  Woods  Hole  region. 

L.  mbra  Verrill.  Body  elongate,  swollen  anteriorly;  color  bright 
red;  length  5  cm.;  width  3  mm.:  North  Carolina  to  Vineyard  Sound; 
in  tubes  on  shells,  etc.,  below  low-water  mark. 

6.  Thslefitb  Leuckart.  Two  pairs  of  branching  gills;  setae  b^in 
on  the  3rd  segment  and  continue  nearly  or  quite  to  the  hinder  end;  eyes 
numerous:  1  species  in  the  Woods  Hole  region. 

T.  cindnnatUB  (Fabricius).  Setae  extend  almost  to  the  hinder  end 
of  the  body;  eyes  present;  length  up  to  12  cm.;  color  yellowish  or  red- 
dish: coast  of  Maine  to  Vineyard  Sound;  in  tubes  often  covered  with 
shells;  Europe. 

6.  PoLTOZBXxrs  Grube.  Blood  worms.  Very  long,  slender  worms 
with  bright-red  blood;  no  branching  gills:  several  species,  2  in  the  Woods 
Hole  region. 

P.  eximins  (Leidy).  Body  bright  red  with  about  100  segments,  of 
which  25  bear  setae:  North  Carolina  to  Cape  Cod;  in  sand  and  mud  in 
shallow  water;  veiy  common. 

P.  phosphoreos  Verrill.  Brilliantly  phosphorescent  worms  when 
disturbed;  length  8  cm.;  first  24  segments  bear  setae:  Long  Island 
Sound  to  Bay  of  Fundy. 

7.  EvoPLOBBAVOHiTB  Verrill.  Blood  worms.  Body  flattened;  setae 
extending  to  the  hinder  end  of  the  body;  with  branched  parapodia  in 
the  middle  division :  1  species. 

E.  sanguineus  (Verr.).  Body  very  long  and  slender;  branched  para- 
podia  begin  on  segment  12;  color  bright  red;  length  35  cnL;  width  7 
mm.:  Virginia  to  Gulf  of  St.  Lawrence;  common  at  low-water  mark;  in 
mud  and  sand. 

Family  3.    AMPHABETIDAE. 

Similar  to  the  previous  family;  a  bundle  of  setae  present  on  each 
side  of  the  head  in  front  of  the  gills;  tentacular  filam^its  small  and  not 
numerous;  no  branched  gills,  but  4  pairs  of  filamentous  ones  present: 
several  genera. 

AxPHABETB  Malmgren.  Tentacular  filaments  few  in  number; 
gills  on  3rd  and  4th  segments:  numerous  species,  2  in  Woods  Hole 
region. 

A.  aetosa  Verrill.  Body  thick  anteriorly,  tapering  backwards;  40 
tentacular  filaments;  color  light  green  or  red;  length  20  mm.;  width  3 
mm.:  Long  Island  and  Vineyard  Sounds;  in  rough  tubes  in  shallow 
water. 
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TuDLt  4.    AMFBICTEKWAB. 

Snmll  wonns  which  form  tabes  of  sand  open  at  both  ends  irhicli 
can  be  carried  about  by  their  occupants;  the  prostotnium  bears  short 
fllamentons  tentacles  which  are  protected  by  long  yellow  setae;  binder 
end  of  the  worm  without  paiapodia  and  folded  on  the  forward  part: 
several  gaiera  and  few  species. 

PsoTDMXiA  Malmgren,  Characters  as  given  above:  several  speeies, 
2  in  the  Woods  Hole  region. 

P.  go>iildi  (Verrill)  (Tig.  470).  Body  flesb-cotor,  mot- 
tled; length  4  em.;  width  7  mm.;  North  Carolina  to  Maine; 
in  shallow  water, 

SraoBDEB  4.    CAPITELLIFORMIA. 

Head  pointed  and  not  distinctly  set  off, 
withont  tentacles  or  palps  but  with  a  psir  of 
ciliated,  retractile,  tentacle-like  organs;  para- 
podia  rudimentaiy,  with  sessile  capillifi 
setae  on  the  anterior  and  sessile  hook-like 
ones  on  the  po^rior  segments;  proboscis 
without  jaws:  1  family. 

Fault  CAPITELLIDAE. 
With  the  characters  of  the  suborder: 
several  genera. 

1.  IToTOiuiTns  Sars.    Prostominm  con- 
ical, without  eyes ;  body  composed  of  2  por- 
tions, a  forward  thicker  part  (thorax)  consisting  of  about  12  biannu- 
lated  segments,  and  a  long  hinder  portion:  several  species,  3  in  Woods 
Bole  r^on. 

V.  Inridni  Verrill.  Long,  cylindrical  worms,  15  cm.  long,  2  mm. 
thick;  color  dark  brown:  Long  Island  Sound  to  Maine;  at  low-water 
mark  io  tubes  in  muddy  sand. 

H.  llUfomii  Verr.  Body  filiform,  10  cm.  long,  1  mm.  thick;  color 
pale  red,  often  mottled  with  whitisb:  Long  Island  and  Vineyard  Sounds; 
at  low-wat«r  mark. 

2.  OAniS£l.a  Blainville.  Large  genital  setae  on  8th  and  9th  seg- 
ments; thorax  consisting  of  9  s^;ments;  only  the  middle  portion  of  the 
body  with  setae:  several  species,  1  in  Woods  Hole  region. 

0.  fraeUij  (Verrill).  Length  5  cm.;  color  red;  head  trian- 
gular: Cape  Cod  to  Bay  of  Fundy;  in  tubes  in  the  mud  in  shallow 
water. 


298  ANNELIDA 

SuBOBDEB  5.    SCOLECIFORMIA. 

Head  without  appendages  (except  in  the  ChlorhcBmidae) ;  parapodia 

poorly  developed  or  absent;  proboscis  present  but  unarmed:  6  families. 

Key  to  the  families  of  Scoleciformia  here  described: 

Oi  Head  without  appendages. 
hi  Segmentation  equivalent ;  body  not  made  up  of  different  regions. 

1.  Ophet^dab 
5,  Segmentation  not  equivalent ;  body  made  up  of  2  or  3  more  or  less  dis- 
tinct regions. 

Oi  Worms  slender  and  without  gills 2.  Maldanidab 

Ps  Worms  thick,  with  branching  gills  on  the  middle  segments.  .8.  Abeniooudab 
Oa  Head  with  appendages 4.  Ghlokhjbmzdab 

Family  1.    OPHELIIDAE. 

Small  burrowing  worms  which  occur  in  shallow  water;  head  with- 
out appendages  but  with  a  proboscis;  parapodia  rudimentary,  the  dorsal 
cirri  of  which  are  elongate  and  act  as  gills:  about  6  genera. 

Akxotbtpahe  Rathke.  Head  conical  and  acute; 
ventral  side  flattened:  1  species  at  Woods  Hole. 

A.  fimbriata  Verrill  (Fig.  471).  Body  elongate,  being 
thickest  in  advance  of  the  middle  and  tapering  to  both 
ends;  color  purplish;  length  7.5  cm.;  width  3  mm.:  Vine- 
yard Sound  to  Maine;  in  shallow  water. 

Family  2.    MALDANn)AE. 

Slender,  cylindrical  worms  which  live  in  sand  tubes; 

Fig.  471  head  formed  of  the  fused  prostomium  and  peristomium 

fimbriata         and  usually  obliquely  truncated  by  a  cephalic  plate  and 

without  appendages;  parapodia  rudimentary,  with  setae 

but  without  gills;  hinder  end  funnel-shaped,  usually  with  frilled  edges: 

7  genera. 

Key  to  the  genera  of  Maldanidae  here  described : 

Ox  Anus  dorsal  to  caudal  funnel 1.  Maidaits 

Of  Anus  in  center  of  caudal  funnel. 

5i  Anal  funnel  without  cirri : 2.  Glticenbixa 

ht  Anal  funnel  with  cirri 3.  Nicomaghb 

1.  Maldave  Grube.  Body  elongate,  truncated  at  both  ends,  most 
of  the  segments  being  biannulated;  anus  dorsal:  numerous  species, 
several  in  the  Woods  Hole  region. 

M.  urceolata  (Leidy)  (M.  elongata  Verrill).  Body  elongate  with  19 
setigerous  segments,  the  middle  ones  being  much  elongated ;  color  reddish- 
brown;  length  30  cm.;  width  5  mm.:  in  sandy  mud  at  low-water  mark; 
North  Carolina  to  Cape  Cod. 
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2.  OLTnvzLLA  Verrill.  Body  with  18  or  more  setigeroos  segments 
and  with  obliquely  truncated  head:  several  species,  2  in  the  Woods  Hole 
region. 

0.  toiqnata  (Leidy)  (Fig.  472).  Body  with 
a  membranous  collar  arising  near  the  middle  of 
the  4th  setigerous  segment;  22  segments,  18  with 
setae;  color  reddish;  length  10  cm.:  North  Caro- 
lina to  Bay  of  Fundy;  in  sand  from  low-water 
mark  to  60  fathoms. 

8.  KioOXAOHX  Malmgren.  Funnelnshaped  ter- 
minal segment  with  marginal  cirri;  head  without 
truncating  plate;  prostomium  sharply  bent  down- 
wards: several  species. 

N.  InmbricaliB  (Fabricius).  Body  slender  and 
fragile,  consisting  of  26  segments;  color  pink; 
length  7  cm.:  Cape  Cod  and  northwards;  Europe. 


Fig.  472  — Clymtffiella 
torquata  (Leldy). 

A,  entire  worm 

B,  hinder  end. 


Fig.  47« 
Arenioola 

marina 

{Cambridge 

Natural 

HlBtory). 


Family  3.    ABENIGOLIDAE. 

Elongated  worms  which  burrow  deep  in  the  sand; 
head  without  appendages,  with  an  unarmed  proboscis; 
peristomium  with  a  pair  of  lithocysts;  parapodia  rudi- 
mentary, with  branching  gills  above  them  in  the  middle 
of  the  body:  1  genus. 

Ajlehioola  Lamarck.  Anterior  end  blunt,  the  pro- 
stomium and  peristomium  being  fused  together;  body 
cylindrical,  thickest  at  the  forward  end:  few  species,  2 
in  the  Woods  Hole  region. 

A.  marina  (L.)  (Fig.  473).  Segmentation  indistinct, 
the  skin  being  annulated;  about  21  setigerous  segments 
present,  of  which  8  compose  the  anterior  and  13  the 
middle  region,  but  only  4  dissepiments  and  6  pairs  of 
nephridia;  length  up  to  20  cm.;  diameter  8  mm.;  Long 
Island  Sound  northwards;  in  deep  burrows  in  the  sand; 
rare  south  of  Cape  Cod;  Europe. 

A.  cristata  Stimpson.  Head  veiy  small;  middle 
branchiate  region  with  11  pairs  of  gills;  color  greenish- 
yellow;  length  35  cm.  or  more:  Florida  to  Cape  Cod. 


Family  4.    GHLOBH^MIDAE.     (Fko.  452,  F.) 

Rather  small  worms  which  live  in  burrows  and  under  stones;  body 
not  divided  into  regions;  whole  head  retractile  and  with  a  circle  of  3  to 


(VerrU). 
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20  purs  of  green,  short  tentacular  filaments  wliieh  act  as  gilla;  palps 
large;  proboBcis  unarmed;  blood  green;  setae  of  the  anterior  Begments 
often  very  long  and  projecting  directly  forwards:  6  genera. 

1.  TaoraonA  llilne-Kdwarda.  Anterior  setae  pro- 
longed, enclosing  the  bead:  2  species  in  the  Woods  Hols 
r^on. 

T.  ftfflnis  (Leid;)  (Fig.  474).  Body  slender  and 
elongate;  S  tentacular  filaments  on  head,  which  are  blunt 
and  of  unequal  length;  length  6  cm.;  width  3.5  mm.: 
Vineyard  Sound  and  New  Jersey;  in  20  fathoms. 

SuBOBDER  &    SABELLIFOKUIA.' 

FIS.4T4 

'^gjj^  Prostomiatn   more   or   less  hidden  by   the   forward 

""■""'  '  extension  of  the  peristomium  which  nsiially  forms  a 
projecting  collar;  tentacles  rudimentary  or  very  small; 
palps  very  large,  forming  the  bnmchial  crown;  proboscis  present;  body 
consisting  of  2  regions,  a  thorax  of  about  9  segments,  and  an  abdomen ; 
worms  tubicolons:  4  families. 

Key  to  the  families  of  Sc^eUtformia  here  described : 

0,  Tabea  membrBnans. 1.  Sabbludax 

a,  Tobea  calcareona. 2.  SxiFOLinAi 

Fawlt  1.    SABELLIDAE. 

Worms  which  live  in  membranous  tubes  in  mnd  and  sand;  arising 
from  the  prostomiom  is  a  pair  of  large  semi-circular  feathered  gilts  rep- 
resenting the  palps,  which  may  be  surrounded  by  a  collar  formed  of  the 
peristomium;  tentacles  rudimentary  or  hidden;  parapodia  very  rudi- 
mentary: many  genera. 

Key  to  the  genera  of  SabelUdae  here  described; 
a,  Feristomtal  collar  preoent. 

b.  Collar  lobes  separated  donall; 1.  SABBXa 

b.  Collar  lobes  meeUugdorsally 2.  PoraiULLa 

a.  Collar  aboent. 

&,  WoriDB  live  in  gelatinous  massee;  no  eyes 3.  Mtxiooa 

h,  Wonna  live  in  distinct  tubes ;  e;es  present. 

o.  Worms  in  freah  water 4.  Hakatukku 

e^  Womui  uariDe S.  Fabsiou 

1.  Sabblla  Malmgren.  Gill  filaments  long  and  slender;  peristo- 
minm  raised  and  reflexed  to  form  a  collar  around  the  gills  which  is 
notched  dorsally:  many  species. 

■  See  "TnblcolonB  Anoellds  of  the  Trlbei  Babellldea  ■ad  Serpolldea  from  tha 
FldBc  Oceaa,"  b;  K.  J.  Baab,  BarrlmaD  Aluka  Bip.,  Vol.  12,  1010. 
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5.  mlcropbtlulina  Venill.  Body  ahort,  eompowd  of  about  60  s^- 
mentB;  anterior  region  composed  of  8  setlgeroua  aegments;  gill  filaments 
with   minute  eye  spots;   color  greenish-yellow;  length  5  cm.;  diameter 

3  nun. :  North  Carolina  to  Cape  Cod ;  at  low-water  mark,  often  incrusted 
on  oyster  shells,  etc 

2.  FoTAxnj^  Malmgren.  About  12  to  30  gill  filaments  on  eaeb 
side,  some  of  which  have  eyes  at  the  base; 

peristomial  collar  witbont  a  dorsal  notch: 
several  species. 

P.  ocnllfen  (Leidy)  (P,  nrnformia 
Ualm.).  Length  8  cm.;  color  greenish  or 
reddish-brown :  New  Jersey  to  Bay  of 
Fnndy;  on  shells  in  tide  pools;  Europe. 

3.  MrziOOLA  Koch.  Body  thick;  hinder 
region  with  numerous  hooks  in  transverse 
rows;  gill  filaments  united  by  a  mem- 
branons  web;  without  eyes  on  head;  eye 
spots  on  terminal  segment;  2  small  ten- 
tacles; worms  live  in  gelatinous  masse* 
attached  to  shells,  eto.,  in  which  each  worm 
has  a  separate  tube;  several  species. 

11  rteeiutmpi  (Kroyer).  Body  thic^ 
with  about  60  segments,  of  which  8  belong 
to  the  anterior  body  region;  color  pink; 
length  6  cm.;  width  5  mm.:  north  of  Cape 
Cod;  Europe. 

4.  MAVATinnu  Leidy.  About  36  gill 
fllameDts  with  eyes  at  their  bases;  body 
eompoeed  of  bnt  few  segments:  1  specie*; 
in  fresh  water. 

H.  nwdoaa  Leidy  (Fig.  475).     Body 

4  nmL  long  and  coasisting  of  12  segments, 
and  yellowish-brown  in  color:  in  tabes  on 
atones  in  SchnylkUi  River,  Philadelphia,  also  in  Egg  Harbor  Biver,  Kev 
Jersey,  associated  with  UnuaeUa  graciiia. 

6.  Fasuou  Blainville.  But  few  gill  filaments  or  tentacles;  body 
eompoeed  of  bnt  few  s^ments:  few  species,  1  in  the  Woods  Hole 
region. 

F.  Mdyi  VerrilL  Body  3  mm.  long  and  2  mm.  wide,  oonsisting 
of  13  segments  and  yellowish-brown  in  color;  6  ^1  filaments:  Long 
Island  Soond  to  Bay  of  Fnndy;  in  slender  tubes,  at  and  below  low- 
water  mark. 
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Familt  2.    SEBPULIDAE.     (Fto.  476.) 

Worms  whieh  live  in  calcareous  tubes;  arising  from  the  prostominm 
are  a  pair  of  large  semicircular  feathered  gills  which  represent  the 
palps;  an  operculum  usually  present,  composed  of  the  dorsal  gill  fila- 
ments; just  beneath  the  gill  filaments  is  the 
collar,  a  paired  membrane  employed  in  smoothing 
the  inside  of  the  shell:  numerous  genera  and 
species. 

Key  to  the  genera  of  SerptiUdae  here  described : 

Oi  Tubes  incrusted  on  shells,  etc 1.  Htdboides 

d.  Tubes  minute,  spiral,  usually  on  seaweed  or  shells. 

2.  Spirobbis 
a.  Tubes  Intertwining 3.  Filograna 

{v\f.  476--A  aerpuUd  1.  Hydbox2>S8  Gunnerus.    Small  worms  living 

trofecting  from  Its  ^ 

'*Hi^5™^'*^® 5SJ"'  in  long  contorted  tubes  incrusted  on  shells,  etc.: 

ral  History).    1,  gills;  ®                                                                         '          ' 

2,  op«reuiam ;  3,  col-     funnel-shaped  operculum  present:  several  species, 

1  in  Woods  Hole  region. 

H.  hezagonns  Boso  {H.  dianthm  Verrill)  (Fig.  477).  Color  of  gills 
variable,  oftenest  a  purplish-brown;  length  75  mm.;  diameter  3  mm.: 
Florida  to  Cape  Cod;  very  common. 

2.  SpzxomBls  Daudin.  A  small  worm  living 
in  a  tube  coiled  usually  in  a  flat  spiral,  which  is 
incrusted  on  seaweeds,  etc.;  operculum  present: 
many  species,  6  in  the  Woods  Hole  region. 

S.  spirorbis  (L.)  (^S^.  boreaUs  Daudin).  Coiled 
tube  3  mm.  across;  length  of  animal  3  mm.;  9 
gill  filaments  present;  color  of  gills  greenish- 
white:  Long  Island  Sound  to  Bay  of  Fundy  and 
northwards. 

S.  FzLOOBAVA  Oken.  Small  worms  living  in  slender  white  tubes 
which  intertwine,  forming  masses  7  cm.  high;  8  gill  filaments  present: 
1  sj)ecies  in  Woods  Hole  region. 

F.  implexa  Berkeley.  Body  compressed,  4  mm.  long;  tubes  very 
thin;  color  purple  or  pink:  Maine  to  Vineyard  Sound;  Europe. 

SuBOBDEB  7.    HERMELLIFOKMIA. 

Peristomium  very  much  enlarged  and  forming  a  setigerous  bilobed 
hood  enclosing  the  prostomium,  which  bears  a  x>air  of  tentacles  and  a 
pair  of  palps;  the  latter  are  fused  with  the  ventral  edges  of  the  peristo- 
mium and  project  in  the  form  of  numerous  gill  filaments  from  the  hood ; 
body  composed  of  2  regions,  a  thorax  and  a  long  tail-like  abdomen  whieh 
has  no  parapodia  and  folds  back  on  the  thorax :  1  family  and  few  species. 


Fig.  477 
Idea  he9c_ 
rgltt)   on  a  sheU. 
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Fakut  HKBICELLIDAE. 
With  the  oharactera  of  the  enbonler:  3  genera. 

Sabkllaua  L&marck.  With  the  characters  of  the  eaborder:  sev- 
eral  species,  1  at  Woods  Hole. 

8.  nlgaris  Venill.  Color  yellowish  or  reddish;  length  3  cm.;  width 
2.5  nun.:  North  Carolina  to  Cape  Cod;  from  low- water  mark  to  10 
fathoms;  common  in  tnbes  of  sand,  also  on  sfaeUa. 


ObdkbZ    OUOOGH^TA.* 

Mostly  ftesb-water  or  terrestrial, 
hermaphroditic  annelids  which  are  with- 
out parapodia  and  cephalic  appendages 
(Fig.  478).  The  setae  are  few  m  num- 
ber and  project  from  pits  in  the  body 
wall;  in  the  DiacodrHidae  and  Attack^a 
they  Are  wanting.  Some  oligochnts  have 
eztemal  gills-  (a  few  naids  and  tufaificida). 
The  head  is  small  and  consists  of  the 
proetominro,  which  is  a  small  projection 
in  front  of  the  month,  and  the  peristo- 
minm,  which  contains  the  month  and 
often  appears  doisally  like  the  firat  somite 
of  the  trunk,  hnt  differs  from  the  somites 
ID  that  it  has  no  setae. 

Pured  ovaries  and  testes  are  pres-  dacti 
ent  (Fig.  479);  a  number  of  large  mS^m" oruie  «nt«for' 
sperm  sacs  or  vesiculae  seminales  act  as 
i«Bervoii8  of  the  sperm,  in  which  the 
sperm  ripens  as  it  comes  from  the  testes, 
and  one  or  more  pairs  of  pockets  called 
the  receptaonla  seminia  or  spermathecae 
receive  the  sperm  of  another  animal  dur- 
ing the  act  of  pairing.  The  egf^  and  sperm  are  extruded  into  a  capsule 
called  the  cocoon  which  is  secreted  by  a  thickened  portion  of  the  integu- 
ment called  the  clitellum.  Development  is  direct,  the  young  animal  being 
bom  with  the  form  of  the  parent;  of  the  numerous  eggs  in  a  cocoon  only 
a  few,  sometimes  only  one,  hatch  out.  Many  oligochets  reproduce  asex- 
nally,  bj  transverse  division,  and  the  regenerative  powers  of  all  are  great. 

•  Bm  "A  Uonosraph  or  tbe  Order  OllgochnU,"  br  F.  Beddard,  1893.  "Notea  on 
Spcdts  of  Mortb  AmcTlcBii  OUgocbMU,"  b;  F.  Bmltb.  Bait.  111.  Bt  Lab..  Vol.  4.  p.  S8S, 
189S.    "Notef  on  SpedM  ot  K.  A.  Ollsocbete,  II,"  bj  aame,  samo  Jour.,  ToL  4,  p. 


Fls.  478  Els.  4TB 

Fig.  4T8— Diasram  of  the  an- 
terior portion  01  an  esrtbworm, 
Luptbricut  terrettrU  (Sedsirlcli 
and  Wilson).  1,  proatomlum  ;  2, 
mouth ;    3,  opemocB  of  tbe  aper- 


.    4.  openli„ 
i,  opeolnn  of  the 
!,   clltr""-       ~ 


JSS!! 


__.  jh»t  (an  enchrbield), 

■bowlnf  ftie  internal  ornna  with 
tbe  digestive  tract  and  %e  rh[l]t- 
hsnd  male  organs  and  tb«  left- 
hand  female  organa  remored  (Qal- 
lowar).  1.  proBtomluni :  2,  brain; 
8,  month  :  4,  Tentral  nerre  chord; 
S,  Bp^rmatbecae ;  6.  nepbrldlnm; 
T,  teetlB :  B.  clltellam  ;  a,  aperm 
dact ;  10,  ovarj  :  11,  aperni  »te: 
'"       ■■■—•■  13.egg»ac 


,  oTldnct ; 
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Oligochnts  are  poorly  provided  with  special  sense  organs, 
ment  eyes  are  present  in  certain  naids;  tactile  cells  and  processes  may 
be  present  but  ^tentacles  never  are.  The  forward  part  of  the  body  of 
earthworms  is  especially  sensitive  to  light  and  other  stimnlL 

The  terrestrial  oligochiets  are  the  earthworms.  These  familiar  ani- 
mals are  often  of  large  size,  the  largest  being  six  feet  in  lengthy  and 
are  found  in  temperate  and  tropical  countries  in  all  parts  of  the  world. 
They  are  nocturnal  AniTnala  which  live  in  burrows  in  the  soil  and  feed 
on  decaying  vegetation  and  the  oiganic  particles  in  the  soil,  which  they 
pass  in  large  quantities  through  the  intestine.  Darwin  has  estimated 
that  an  acre  of  ordinaiy  ground  will  have  about  63,000  earthworms 
which  bring  many  tons  of  earth  to  the  surface  from  a  foot  or  two 
beneath.    They  are  thus  important  agents  in  renewing  the  surface  soiL 

The  aquatic  oligochsts  live  mostly  at  the  bottom  of  fresh-water 
streams  and  ponds,  although  a  few  live  in  the  sea,  often  in  tubes  of 
mud  or  sand,  and  eat  aquatic  vegetation.  The  order  contains  over  1,200 
species  and  about  11  families. 

Key  to  the  families  of  OUgochcsta  here  described: 

Oi  WomiB  microecopic 1.  .22oL080MATmk4B 

Oi  Worma  not  microscopic. 

hx  Parasitic  worms  with  terminal  sucker 2.  Disoodrilidab 

ht  No  sucker  present 

Ci  Worms  very  long  and  filiform 8.  Haflotazidab 

€^  Worma  not  so  formed. 

4i  Worms  usnally  very  small  and  slender  and  mostly  aquatic 
0i  Reproduction  mostly  by  serial  budding,  animal  chains  being  formed. 

5.  Naididab 
et  Such  reproduction  not  present,  or  at  least  uncommon, 
/x  Spermatbeca  far  forward,  usually  opening  in  segment  4  or  5. 

/,  Spermatheca  farther  back.  *•  Bwch^tbmda. 

ITi  Setae  usually  more  than  2  in  a  bundle  and  usually  of  more  than 

one  form 6.  TuamomAK 

Qt  Setae  paired  and  all  of  one  form 7.  Lumbsicuudak 

d^  Worms  large  and  mostly  terrestrial ;  earthworms. 
ex  Clitellum  begins  before  segment  18  and  contains  the  male  pores, 
/i  Male  pores  in  hinder  margin  of  clitellum  or  entirely  behind  it. 

8.  Mboabooucidab 

/,  Male  pores  in  forward  portion  of  clitellum 0.  Gbosoolectdab 

et  Clitellum  begins  at  or  behind  segment  18 ;  male  pores  some  distance 

in  front  of  it 10.  Lumbbigidab 

800, 1895.  *'Notes  on  Spedes,**  etc.,  by  same,  same  Joor.,  Vol.  5,  p.  441, 1000.  "NMm 
on  Species  of  N.  A.  Ollgocbsta,  IV,"  by  same,  same  jour..  Vol.  5,  p.  450,  1000. 
''OUgocheta,*'  by  W.  Mlchaeleen,  Das  Tierreich,  1000.  "Besearcbes  In  American 
OUgocbeta,**  etc.,  by  G.  Bisen,  Proc  CaL  Acad.  Sd.,  8d  8er.,  ZooL,  VoL  8,  1000. 
"Hirndlnea  and  Ollgocbsta  Collected  In  the  Great  Lake  Begion,**  by  J.  P.  Moore, 
Ball.  U.  8.  FIsb.  Com.,  Vol.  25,  p.  165,  1905.  **8ome  Marine  Ollgochftta  of  New 
Bngland,**  by  J.  P.  Moore,  Proc.  A.  N.  8.,  Pbila.,  1905,  p.  378.  "Die  Sasswaflserfanna 
Dentocblands,"  Heft  13,  "OUgocbaeta,"  by  W.  Micbaelsen,  1900.  "The  Cwnmoa 
Fresbwater  Ollgocheta  of  the  United  States,**  by  T.  W.  Galloway,  Trana  Am.  MIc 
Soc.,  Vol  80,  p.  285, 1911. 
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rAWLY  1.    .SOLOSOlCATIDAIi. 

ICeromopio  fr«sh-water  worms  nsaally  with  brown)  red,  or  yellow 
oil  ^boles  in  integimient,  giving  them  a  epotted  appearance;  no  dia- 
Bepiments  present;  setae  in  4  bundles  in  each  segment,  of  1  to  6  setae 
each ;  elitellnm  only  on  ventral  side  on  segments 
G  to  7;  neiTons  system  hypodermio;  prostomiiim 
ciliated   veotrally;   the  most   primitive   oligo- 
eluets,  nprodncing  by  division:  1  genns. 

^OLOKnu.  Ehrenberg.  With  the  eharaeters 
of  the  family:  abont  9  species,  6  in  this 
eoonti;. 

A.  qiutvniMlmn  Ehr.  (Fig.  480)  {A.  vmu- 
xttnw  Leidy).  Head  of  same  width  as  body; 
setae  sharply  bent,  those  of  the  same  btmdle  of 

the  same  length;  the  worm  encysts  itself;  spots      ^oi<«OM*i»otennirtti«» 
red;    length  1   mm.,  with   7  to  10   segments:  ''^'"ELteto^j^'"'"' 

among  algae. 

A.  h«mprichi  Ehr.  Head  broader  than  body;  setae  nearly  straight; 
spots  red  or  crimson;  length  2  to  5  mm.,  with  4  to  13  segments:  among 

*^'  Pamilt  2.    piSCODEILIDAE. 

Small  parasitic  oligoehnts  which  were  formerly  grouped  with  the 
HtriMimM,  wiUi  a  sucker  at  the  hinder  end  of  the  bod;  and  withont 
setae,  which  Uve  on  the  gilb  or  the  onter  surface  of  crayflsb ;  month  with 
a  dorsal  and  a  ventral  chitinoos  jaw;  anus  dorsal;  2  pairs  of  nephridia; 
1  or  2  pairs  testes;  single  median  genital  pore  in  sixth  segment:  several 

E^  to  the  genera  of  DucodriUdae  here  described : 

a.  One  pair  testes 1.  Bkahchiobdku:.i 

o.  Two  pairs  testes. 

A,  No  dorsal  appendages 2.  Bdeuxidbilus 

bi  Dorsal  appendages  present S.  Ptebodbii.US 

1.  Bkavobiobsxixa*  Odier,  Dorsal  and  ventral  jaws  similar;  1 
pur  testes  in  fifth  segment:  3  American  species. 

B,  pvlcheiTliiut  Moore.  Body  6  mm.  long  and  1.3  mm.  wide,  very 
transparent  forward  and  somewhat  fl«ttened;  eighth  and  ninth  seg- 
ments  flattened,  each  with  a  pair  of  adhedve  organs:  North  Carolina. 

B.  turtabllia  Moore.  Body  5.6  mm.  long,  1.3  mm.  wide;  hinder  4 
e^ments  forming  a  flattened  disc-shaped  expansion  which  is  almost  as 
wide  as  long,  anterior  segment  very  contractile:  eastern  states. 

*  Bee  "On  Some  Leeehlike  Parailtei  ot  Americtn  CnjBabtt,"  bj  J.  P.  Moore, 
Froe.  Ac.  Ktt.  Bd.,  Pblla.,  ISOS,  p.  418.  "Notei  on  Br*DdiIobdeIl&,"  bf  W.  M-  BmsU- 
wood,  Biol.  Boll.,  ToL  11,  If.  100,  1905, 


2.  BoxLLOOULin  Hoore.    Two  pairs  of  testes  and  apenu  daets:  2 
epeciee. 

B.  iUnmliutas  (Moore)  (Fig.  481).    Body  4  mm.  toi^;  and  J9  mm. 
wide,  the  head  being  composed  of  4  segments,  the  trunk  of  11,  all  being 
biaimulated ;  clitellum  is  the  donum  of  segment 
6:  often  comman  on  the  gills  of  crayfish;  co- 
coons also  on  the  gills;  eastern  North  America. 
B.    phlUdfllpbldU    (Leidy).      Head    the 
broadest  part  of  the  body;  length  10  mnL:  on 
BMiodf^^mmminaiu*        the  external  (usually  the  ventral)  aorface  of 
crayfish;  eastern  and  central  North  America. 

3.  PrXBODBlLini  Moore.    Two  pairs  of  testes  and  sperm  ducts ;  l<»ig 
paired,  dorsal  appendages  on  certain  of  the  body  segments:  2  species. 

P.  diaUchna  Moore  (Fig.  482). 
Dorsal  appendages  not  branched; 
length  1  zmn. :  on  the  external  sur- 
face of  the  crayfish  in  western 
New  ToA. 


Faiult  3.    HARUJTAXIDAK 

Body  very  long  and  slender  or 
filamentous;  setae  s^moid,  single 

or  paired,  in  4  rows;  2  pairs  of  ovaries;  central  blood  vessel  contractile: 
2  genera  and  3  species. 

Haploiaxu  Hoffmeister.  Clitellum  on  s^menta  11 
to  14;  2  pair  male  pores  on  segments  11  and  12:  2  species. 
H.  gordioidos  Hartmann  (S.  emiaaariut  Forbes)  (Fig. 
483).  Dorsal  setae  absent  on  the  hinder  four-fifths  of 
body;  length  18  em.  and  more;  width  .6  mm.;  375  seg- 
ments: in  wet  ground  or  in  the  water  (lUinois;  Phila- 
delphia). 

Fauilt  4.    ENCHTTRffilDAE.' 

More  or  less  slender  worms  30  mm.  or  less  in  length 

which  live  in  fresh  water  along  the  shore  of  the  sea  or  in 

decaying  or  living  plants;  setae  hair-like,  in  4  bundles  in 

each  s^ment;  cliteUum  when  fully  developed  occujnea 

to  13;  dorsal  blood  vessel  arises  near  the  clitellum;  testes 

and  ovaries  in  segments  11  and  12:  about  13  genera  and  170  species. 

"  by  a,  BUen,  BiuTt- 
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Key  to  the  genera  of  EncHyUaidae  here  described ; 
e.  Setae  Btraight,  or  Dearly  so. 

fti  All  Mtae  in  a  bundle  of  equal  lengtb 1.  EncHTT&BUS 

b.  Setae  not  all  of  equal  leogtb,  iooer  setae  of  each  bundle  Bmaller  than 

outer   2.  FKiDEKtOU 

Oi  Setae  ilgmold. 

6,  Blood  yellow  or  red ;  testes  maasiTe 2.  I<iTiCBnctU.C8 

ht  Blood  ninallj  colorless ;  testes  subdivided 4.  Meskncbttiisub 

1.  EvOKTTmxn  Henle.  Setae  straight  or  nearly  so,  all  those  in  a 
boDcUe  of  equal  length  (Fig.  484) ;  blood  colorless;  lai^  salivary  glands 
present:  10  species. 

E.  alUdos  Henle.  Uilk-white  worms  25  mm.  long  and  1  mm.  thick ; 
setae  nearly  stra^ht  but  hooked  at  inner  end  2  to  6  in  a  bundle;  num- 
ber of  segments  53  to  69 :  New  Jersey  to  Maine,  along  the  seashore  near 
high-water  mark  under  decaying  seaweed  and  ston^  also  inland  near 
the  shore;  very  common  in  Europe  and  America. 

E.  BodaliB  Leidy.  Body  translucent  and  20  nun.  long;  setae  5  to  7 
in  a  bundle;  month  triangular:  in  groups,  in  rotten  stumps  and  logs. 


Fiff.  4B4 — Setae  of  EtKfiatrttMt  (SBuw.  F.  Deut.).     Fig.  48E — Setae  of  LmniricaUtt 
(BUbsw.  V.  Dent.).     Ftg.  48fl — Setae  of  Frfdsrtoto  (SUbbw.  F.  Dent). 

2.  LTmsxionXTra  Oersted  (Fig.  485).  Setae  sigmoid;  testes  mas- 
sive; blood  yellow  or  red;  no  salivary  glands;  clitellum  covers  segments 
11  and  12:  15  speoies. 

L.  BCiUa  Moore.  Transparent  worms  with  pink  or  brown  internal 
organs,  16  mm.  long  and  .4  mm.  thick:  Maine  to  Vineyard  Sound,  along 
tbe  seashore  under  seaweed  near  high-water  mai^s 

3.  Fbiseuou  Michaelsen  (Fig.  486).  Setae  strai^t,  2  to  6  in  « 
bundle  and  not  of  equal  length,  the  inner  setae  of  a  bundle  beii^  shorter 
than  tbe  outer;  blood  colorless;  salivary  ^ands  present:  21  species,  6 
in  this  eountry. 

F.  alba  Moore.  Length  22  mm.;  number  of  segments  58;  sper- 
matheca  simple;  salivary  glands  branched;  setae  long  and  slender:  in 
wet  moBB  and  leaves  in  the  woods. 

F,  pam  Moore.  Length  16  mm.;  number  of  segments  46;  sper- 
jnatbeca  and  salivary  glands  onbranched;  4  setae  la  a  bundle  as  far  ae 
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segment  25,  then  2;  color  opaline  white:  among  damp  leaves,  in  the 
woods. 

F.  agilis  Smith.  Length  30  mm.;  number  of  segments  57 ^to  66; 
dorsal  blood  vessel  begins  at  segment  19;  salivary  glands  much  branched: 
in  the  soil  (Illinois). 

4.  MxszvOKTTBJEini  Eisen.    Setae  sigmoid;  blood  nsnally  colorless; 

no  salivary  glands:  30  species. 

U  beomeri  (lUchaelsen).  Length 

30  mm. ;  setae  3  to  5  in  lateral  bnndles 

^  ^         ^         ^  '^     '^  '     and  5  to  8  in  ventral  ones;  clitellum 

,       ,1    J  -    ^    .  ■  r .    on  segments  11  to  13:  Philadelphia, 

in  wet  places;  Europe. 

Fig.  487 — Dtasram  of  anterior  por^  _             -      *♦  *  >»>'»%  a  •«  « 

Uon  of  a  naid  (Walton).    1,  prosto-  Familt  5.    NAIDIDAE.* 
mium  ;   2,  eye ;   3,  brain ;   4,  month : 

5,  pharynx;    6,  cesophagns;    7,  blood  ^       ,,            ... 

▼easel ;  8,  testis :  9,  ovary ;  10.  hair-  Small  aquatic.  transparent  worms 

like  setae;   11,  forked  setae;   12,  In-  -i  j  r 

testine;  13,  cUteUnm.  (Fig.  487)  with  2  to  4  groups  of  ^etae 

on  each  segment,  and  often  with  a 
distinct  head;  ventral  setae  foiiced;  testes  and  ovaries  usually  in  seg- 
ments 5  to  7;  the  worms  reproduce  principally  by  transverse  division, 
forming  animal  chains :  15  genera  and  50  species,  mostly  in  fresh  water. 
Key  to  the  genera  of  Naididae  here  described: 

ai  Hair-like  setae  present  dorsally. 

bx  ProstoDaiam  not  tentacular. 

Ot  Without  retractile  rear  appendages 1.  Naib 

Oa  Retractile  rear  appendages  present 4.  Dno 

6a  Prostomium  long  and  tentacular. 

Ci  Dorsal  setae  begin  on  5th  or  6th  segment 2.  Sttlabia 

0^  Dorsal  setae  begin  on  2d  segment 5.  PBiSTUfA 

d.  Hair-like  setae  absent  dorsally. 

hi  No  dorsal  setae  present 6.  GHJBTOGAsm 

ba  Forked  dorsal  setae  present 3.  Paba^nais 

1.  Kazs  0.  F.  Miiller.  Head  distinct;  dorsal  setae  begin  on  segment 
6  and  are  partly  acicnlar  and  partly  long  and  hair-like;  ventral  setae 
shorty  with  cleft  ends;  blood  yellow  or  red;  eyes  usually  present:  in 
standing  or  flowing  water,  in  mud  or  on  plants;  reproducticm  by  budding 
very  common;  10  species,  5  American. 

N.  elinguis  Miill.  (N.  rivulosa  Leidy).  Two  or  3  dorsal  hair-like 
setae  present;  length  2  to  10  mm.,  with  15  to  37  segments;  color  light 
brown;  eyes  usually  present:  often  abundant  on  algae;  Europe. 

K.  parvnla  Walton.  Prostomium  blunt;  eyes  present;  dorsal  bundle 
composed  of  1  hair-like  and  2  cleft  setae;  length  L2  mm.:  Cedar  Point, 
Lake  Erie. 

•  See  "Naididae  of  Cedar  Point,"  by  L.  B.  Walton,  Am.  Nat,  VoL  40,  p.  CSS,  190e. 
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Fig.  488 

Biylaria 

laou9tri8 

(Walton). 


2.  Sttlabxa  Lamarck.  Prostomium  very  long  and  tentaele-like; 
aetae  as  in  NaU:  2  speeiesy  in  Europe  and  America. 

8.  laenatrla  (L.)  (Fig.  488).  Length  15  nmi.,  with  25  segments: 
common;  Europe. 

5.  Pabavazs  Ccemiavsky.  Head  distinct;  setae  all 
forked;  dorsal  setae  begin  on  segment  5;  no  eyes:  3 
species. 

P.  litoralls  (0.  F.  Miiller)  {EHehytr€BU8  inventrah- 
pedmatus  Minor).  Length  10  mm.;  segments  about  20; 
blood  greenish-yellow:  Long  Island  and  Vineyard  Sounds^ 
under  stones  or  decaying  vegetation  near  high-water  mark 
on  the  seashore,  also  in  fresh  water;  often  very  common; 
Europe. 

4.  Dbko  Oken.  Setae  as  in  Naia;  ciliated  branchial 
appendages  extend  from  the  funnel-shaped  rear  end; 
blood  reddish;  no  eyes:  15  species,  4  in  America;  often 
in  tubes. 

D.  Umosa  Leidy.    Length  12  mm.  or  less  with  about 
48  segments;  color  reddish:  in  tubes  at  the  bottom  of  stagnant  pools 
and  among  algae;  common;  Europe. 

D.  oUnsa  Udekem.    Length  10  mm.;  a  long  and  a  short  seta  in  each 

dorsal  bundle:  lUinois;  Europe. 

D.  Taga  Leidy  (Fig.  489).  Length  8  nmi.; 
number  of  segments  25  to  35;  body  ending  in  2 
long  finger-like  processes:  often  very  common. 
6.  PxzsTnrA  Ehrenberg.  Dorsal  setae  all 
hair-like  and  begin  in  second  segment;  ventral 
setae  all  forked;  prostomium  very  long  and  re- 
tractile; rear  end  sometimes  with  long  projec- 
tions; no  eyes:  8  species,  3  American. 

P.  leidyi  Smith.  Length  8  mm.,  diameter  .15 
mm.,  with  about  30  segments;  3  setae  in  each 
dorsal  bundle,  5  to  9  in  each  ventral  bundle; 
clitellum  on  segments  7  to  9 :  in  streams  and  lakes 
in  the  eastern  and  central  states;  common. 

P.  serpentina  Walton  (Fig.  490).  Length  2.2 
mm.  with  about  22  segments;  dorsal  bundle  with 
6  to  9  setae,  ventral  bundle  with  5  or  6:  very  common;  Cedar  Point, 
Lake  Erie. 

6.  OflUBTOGASTXB  von  Baer.  Veiy  transparent  worms  with  2  bundles 
of  hooked  setae  on  the  ventral  side  of  each  segment  and  no  dorsal  setae; 
blood  colorless:  6  species,  5  American. 


Fia.  489        Fig.  4eo 

Fig.  489 
Dero  vQoa  (Walton). 

Fig.  490 

Friat4ma  serpentina 
(Walton). 
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0.  limftsi  von  Baer  (Fig.  491).  Anterior  bnndles  of  set&e  with  10 
to  20  each;  length  5  mm.:  eastern  states,  usually  found  on  Lymruea  and 
Planorhis  or  parasitic  in  their  liver;  also  free-living;  common;  Europe. 

0.  pellncidns  Walton.  Setae  forked,  6  to  7 
in  a  bundle;  length  1.5  mm.:  Cedar  Point,  Lake 
Erie;  common. 


F^.4n-^K<Btoga,Ur  FAMILY  6.    TTJBIFICIDAE. 

MiiifU0i(Stts8W.  F.  Dent) 

Slender,  red  or  brown  worms  living  in  fresh 

or  brackish  water  in  tubes  from  which  they  protrude  the  hinder  end;  4 

bundles  of  setae  on  each  segment;  testes  and  ovaries  in  s^ments  10  or 

11;  but  1  pair  of  sperm  ducts;  no  reproduction  by  division;  clitellum  on 

segments  11  and  12:  about  14  genera  and  50  species. 

Key  to  the  genera  of  Tuhificidae  here  described : 

Ox  Dorsal  setae  both  forked  and  hair-like 1.  Tubifex 

a.  Dorsal  setae  all  forked. 

hi  Setae  of  segment  11  modified 3.  Bothbioneubuii 

5,  These  setae  not  modified. 

Ci  No  blood  capillaries  in  body  wall 2.  Cuteixio 

c,  CapUlaries  in  body  waU 4.  Liicnodbilus 

1.  TinszTEX  Lamarck.  Forked  and  usually  hair-like  setae  in  the 
dorsal  bundles;  usually  forked  setae  alone  in  the  ventral  bnndles;  con- 
tractile hearts  in  segment  8:  several  species. 

T,  irroratns  (VerriU)  {ClitelUo  irroratus  Verr.).  Pink  or  brown 
worms  3  cm.  long;  prostomium  acute:  near  high-water  mark  south  of 
Cape  Cod  on  the  seashore. 

T.  benedeni  Udekem.  Qray  or  black  worms ;  cutic- 
ula  studded  irregularly  with  flattened  papillae;  length 
4  cm. :  Long  Island  Sound  to  Maine,  near  high-water 
mark  on  the  seashore. 

Flff.  492 — TMhife^ 

T.  tubifex  (0.  F.  Mtiller)   (Fig.  492).    Reddish     «»m76»— forked  se- 

tEe  with  middle 
worms  about  4  cm.  long  with  about  60  segments;  the      teeth   (Sttasw.  F. 

forked  setae  in  dorsal  bundles  in  front  of  the  clitellum 

have  1  to  3  middle  teeth;  ventral  setae  all  forked:  in  mud  in  standing 

and  running  fresh  water;  often  common,  forming  reddish  patches  on  the 

mud  where  they  are  seen  waving  their  hinder  ends  in  the  water;  Europe. 

2.  OuTELLio  Savigny.  Forked  setae  alone  present;  contractile 
hearts  in  segments  -8  and  9 ;  no  blood  capillaries  in  body  wall ;  prostate 
glands  diffuse:  1  species. 

0.  arenarina  (0.  F.  Miiller)  (C.  irroratus  Yerrill).  Body  veiy  slen- 
der and  reddishy  up  to  6  cm.  long;  setae  sigmoid:  Long  Island  Sound 
to  Maine,  often  very  conmion  under  rocks  and  stones  near  high-water 
mark  on  the  seashore;  Europe. 
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3.  BoTBSXonirBim  Stole.  Forked  setae  alone  present;  ventral 
setae  of  s^^ment  11  modified  for  eopulatory  purposes:  several  species. 

B.  glaber  Moore.  Body  pinkish  or  brown,  4  cm.  long  and  .8  mm. 
wide;  setae  short  and  forked  at  the  end:  Vineyard  Sonnd,  under  decay- 
ing vegetation  and  stones  near  high-water  mark,  especially  where  the 
water  is  brackish. 

4.  LnarODBZLiFB  Clapar^de.  Forked  setae  alone  present;  contrac- 
tile hearts  in  segment  8  and  9;  blood  capillaries  penetrate  the  body  wall; 
prostate  gland  large  and  massive,  in  segment  11:  about  10  species,  in 
fresh  water. 

L.  daparedianns  Ratzel.  Length  4  to  7  cm.;  segments  150:  eastern 
states,  in  fresh  water. 

L.  snbsalsns  Moore.  Body  red  or  brown  in  color  and  4  cm.  long; 
aegmeats  120;  setae  deeply  bifid,  4  to  6  being  in  each  group  before  and 
2  to  4  behind  the  elitellum :  in  brackish  water  at  New  Bedford,  Mass. 

Fajcily  7.    LUMBBICULIDAE. 

Small  worms  usually  red  or  brown  in  color,  living  in  mud  in  fresh 
water;  2  pairs  of  dorsal  and  2  of  ventral  setae  in  each  segment;  2  pairs 
of  sperm  duets,  but  with  1  pair  of  openings:  8  genera  and  about  15 
species. 

1.  TazOHODBiLVS  Clapar^de  (Thinodrilus  Smith).  Setae  simple  or 
forked  at  the  end;  dorsal  blood  vessel  with  paired  contractile,  blind 
appendages;  male  pores  in  segment  10:  3  species. 

T.  inconstans  (Smith).  Length  6  cm.;  width  8  mm.;  color  reddish, 
anteriorly  greenish;  5  pairs  of  small  spermathecae :  in  mud  or  vegetation 
in  fresh  water. 

Faioly  8.    MEGASCOLICIDAR 

Usually  terrestrial,  sometimes  aquatic  oligochaets;  setae  curved,  8, 
12,  or  more  on  a  segment;  male  pores  on  segment  18  or  17;  ditellum 
beginning  on  or  before  segment  16,  not  appearing  excepting  at  certain 
times  and  without  sharp  boundaries:  56  genera  and  about  600  species, 
principally  in  the  southern  hemisphere  and  the  tropical  portions  of  the 
northern. 

1.  DzPLOOABDiA  Garman.  Setae  paired,  8  on  a  segment,  absent  on 
segment  18;  elitellum  on  s^ment  13  to  18:  about  10  species,  all 
American. 

D.  commnnis*  Gar.  Length  30  cm.;  diameter  3  mm.;  flesh-colored; 
dorsal  vessel  double;  3  pairs  of  spermathecae  in  segments  7  to  9:  in  the 
soil  of  the  prairies  (Illinois). 

*  See  "On  the  Anatomy  and  Histology  of  a  New  Barthworm  {Diplocardia  oom^ 
miHilf)/'  by  H.  Garman,  Ball,  of  111.  St  Lab.  of  Nat.  Hist.  VoL  3,  p.  47,  1892. 


312  ANNEUOA 

D.  riparia  Smith.  Length  25  em.;  diameter  3  mm.;  color  brown; 
dorsal  vessel  single;  2  pairs  of  spermathecae,  in  segment  8  and  9:  in  wet 
forest  soil  (Illinois). 

Family  9.    GE08G0LECIDAE. 

Aquatic  or  terrestrial,  usually  tropical  oligochats  with  8  curved 
setae  in  a  segment,  paired  or  not;  eUtellum  concave  ventrally;  male 
pores  just  before  or  in  clitellum;  gizzard  in  middle  of  oraophagns:  20 
genera  and  about  90  species. 

Spasgahophilifb  Benham.  Prostomium  not  marked  off  from  peri- 
stomium;  clitellum  in  segments  15  to  25;  male  pores  on  segment  19;  4 
pairs  of  setae  on  a  segment,  a  pair  on  each  comer  of  the  quadrangular 
cross  section :  in  the  mud  of  streams ;  4  species. 

8.  eiseni  Smith.  Length  20  cm.;  diameter  2.6  mm.;  dorsal  setaa 
project  laterally  beyond  the  ventral;  a  pair  of  large  glands  open  on  seg- 
ment 3;  central  and  western  states,  in  mud  of  springs. 

8.  tamesis  Benham.  Length  10  cm. ;  color  red  or  blue;  ventral  setae 
project  laterally  beyond  the  dorsal:  Philadelphia;  England;  on  water 
plants. 

Faioly  10.    LUMBBICEDAE. 

Earthworms.  Terrestrial,  occasionally  aquatic,  oligochnts  with  4 
pairs  of  setae  to  a  segment;  clitellum  concave  ventrally,  not  beginning 
before  segment  18  or  after  segment  61;  male  genital  pores  on  segment 
15  (rarely  on  s^^ments  U  to  14) ;  2  pairs  of  testes  in  s^;ment8  10  and  U 
(rarely  1  pair);  1  pair  of  ovaries  in  segment  13;  cocoons  ^g-shaped: 
5  genera  and  over  100  species. 

Key  to  the  genera  of  Lwnhriddae  here  described: 

Oi  Feristomiom  completely  divided  dorsally  by  proBtomium  (Fig.  498). 

1.  LuifBUOua 
o,  Perifltomium  incompletely  divided  by  prostomium  (Fig.  494). 
hx  Oixzard  occupies  more  than  1  segment ;  ditellom  reaches  at  least  through 
segment  82. 

Ox  Clitellum  begins  mostly  on  segment  24 2.  Bisbnia 

c%  Clitellum  begins  mostly  behind  segment  24 8.  HSLonuLUS 

^s  Gizzard  occupies  but  1  segment;  clitellum  reaches  at  most  to  segment 

27 4.  BlSBinEIXA 

1.  LuiCBBioUB  L.  Peristomium  (buccal  segment)  oompletely  divided 
by  prostomium  (Fig.  493) ;  setae  strictly  paired;  3  pair  vesiculae  semi* 
nales  present  in  s^ments  10  and  11  which  fuse  together  in  the  middle 
line;  2  pairs  of  spermathecae^  in  segments  9  and  10;  tail  end  flattened; 
8  species,  3  American. 
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K^  to  the  Amerkan  species  of  Limbricus: 

e&  CUtelliun  on  segments  81  or  82  to  87 L.  tsbbxbtbib 

m  GliteUum  on  segments  26  or  27  to  82 L.  bubeixub 

q»  Glitellom  on  segments  28  to  83 L.  castankub 

L.  tarrestris  L.  (Fig.  478).  Length  up  to  30  cm.,  with  about  180 
aegments;  color  purplish;  elitellnm  on  8^;ment8  31  or  32  to  37:  in  wet 
places;  Europe  and  America. 

Ik  mbelliia  Hoffmeister.  Length  up  to  15  cm.  with  about  150  seg- 
ments; color  pink;  clitellum  on  segments  26  or  27  to  32,  usually  nearly 
in  center  of  body:  in  wet  places;  cosmopolitan. 

Ik  castaneus  (Savigny).  Length  up  to  5  cm.  with  about  90  seg- 
ments; color  chestnut  or  violet  brown,  strongly  iridescent;  clitellum 
on  segments  28  to  33:  America  and 
Europe.  '  **/*^ 

2.  EzsxvxA  Malmgren  (AUolohophora      l-Yx  l\ 
Eisen)  (Fig.  494).    Peristomium  incom-  J  I 

I^etely  divided  by  prostomium;  3  or  4  Fig.  493  Fig.  494 

pairs  of  vesiculae  seminales  which  do  ng.  498-— Dlamim  showing 
not  fuse  together  in  the  middle  line;  2  %aMw.**V  ^iSut.).  "^iJ^proBt™ 
or  3  pairs  spermathecae  in  segments  8  to  ^Diagram  ^8how^ng"?ncompifetehr 
11;  tail  end  cylindrical:  9  species,  3  ^^if  ^^^^^^^^  ^suasw.  H'. 
American. 

E.  fostida  (Savigny).  Length  up  to  9  cm.  with  about  100  segments; 
color  pink  with  a  dark  ring  on  each  segment ;  clitellum  on  segments  24, 
25,  or  26  to  32;  setae  strictly  in  pairs;  2  pairs  spermathecae,  in  segments 
9  and  10:  the  worm  lives  often  in  manure  and  has  a  disagreeable  odor; 
eosmopolitan. 

E.  rosea  (Sav.).  Length  up  to  6  cm.  with  about  150  s^;ments; 
color  red;  clitellum  on  segments  24,  25,  or  26  to  32;  2  pairs  of  sper- 
mathecae in  s^ments  10  and  11;  setae  strictly  paired:  in  wet  places; 
cosmopolitan. 

8*  HxLODBZLVa  Hoffmeister  (Allolohophora  Eisen).  Peristomium 
incompletely  divided  by  prostomium  (Fig.  494);  2  to  4  pairs  vesiculae 
seminales  which  do  not  fuse  together  in  the  middle  line;  tail  end  cylin- 
drical: 64  species,  10  American. 

H.  caliginosw  (Savigny).  Length  up  to  17  cm.  with  about  250  nar- 
row s^;ments;  color  very  variable,  being  gray,  pink,  yellowish,  or  bluish, 
but  never  purple;  clitellum  on  segments  27  or  28  to  35;  setae  strictly 
paired;  4  pairs  vesiculae  seminales;  2  pairs  spermathecae:  in  fields  and 
gardens;  cosmopolitan. 

H.  chloroticas  (Sav.).  Length  up  to  6  cm.  with  about  125  seg- 
ments; color  variable,  but  never  purple;  clitellum  on  s^;ments  29  to  37; 
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setae  in  pabrs,  close  togetber;  3  pairs  of  spennathecae  in  segments 
9|  10,  11;  4  pairs  vesieulae  seminales:  terrestrial;  cosmopolitan. 

H.  palnstris*  (H.  F.  Moore).  Length  7  cm.;  segments  100;  color 
red;  clitellum  on  segments  23  to  28;  2  pairs  vesieulae  seminales;  no 
spermathecae :  Pennsylvania  to  North  Carolina;  in  wet  soil. 

4.  EiSEHZELLA  Michaclscn  {AUurus  Eisen;  AUolohophora  Eisen). 
Peristomiom  incompletely  divided  by  prostomium  (Fig.  494),  ditellnm 
beginning  with  the  segment  23  or  in  front  of  it;  male  pores  on  segment 
11  to  15;  gizzard  confined  to  segment  17;  4  pairs  vesieulae  seminales, 
which  do  not  fuse  in  the  middle  line:  2  species. 

E.  tetndra  (Savigny).  Color  yellow,  brown,  or  blackish;  hinder 
and  middle  portions  of  body  rectangular;  length  5  cm.;  thickness  4  mm.; 
s^ments  90;  male  pores  on  segment  13,  female  pores  on  segment  14; 
clitellum  on  segments  22  or  23  to  27:  cosmopolitan;  in  wet  soil. 

Order  3.    ECUlUKIDA.t 

Thick-bodied,  cylindrical  annelids  in  which  the  segmentation  is 
wanting  or  indistinct  in  the  adult.  The  animals  are,  however,  bom  as 
typical  trochophore  larvae  and  at  an  early  period  of  the  metamorphosis 
have  fifteen  rudimentary  somites.  Parapodia  and  cephalic  appendages 
are  wanting.  A  pair  of  large  setae  is  present  on  the  ventral  side  near 
the  forward  end;  in  Echiurus  two  groups  of  setae  are  also  present  at  the 
hinder  end. 

The  formation  of  the  head  is  peculiar.  The  prostomium  is  very 
much  elongated  and  forms  a  long  spatulate  or  trough-like  structure  in 
front  of  the  mouth,  which  may  be  very  elastic  and  forked  at  the  end. 
The  grooved  ventral  surface  of  the  prostomium  is  ciliated  and  in  it  the 
minute  animals  which  constitute  the  food  of  the  worm  are  swept  into 
the  mouth.    The  prostomium  is  called  the  proboscis. 

The  alimentary  canal  is  much  longer  than  the  body  and  terminates 
with  the  anus  at  the  hinder  end;  joining  the  rectum  is  a  x>air  of  long 
cylindrical  anal  pouches  which  communicate  with  the  body  cavity  and 
are  modified  nephridia.  From  one  to  three  pair  of  typical  nephridia  are 
also  present  in  the  forward  part  of  the  body.  The  vascular  system  con- 
sists of  a  dorsal  and  a  ventral  longitudinal  blood  vessel,  which  join  each 
other  anteriorly,  and  no  lateral  vessels.  The  nervous  system  includes 
a  ventral  chord  which  is  segmented  in  the  early  developmental  stages 
but  unsegmented  in  the  adult.    A  distinct  brain  is  wanting,  but  ail 

*  See  "On  the  Structure  of  BlmastuB  iMilustrls,  a  New  Ollgoclittte/'  by  H.  F, 
Moore,  Jour.  Morph.,  Vol.  10,  p.  473,  1895. 

t  See  "Thallasema  melllta,"  by  H.  W.  Conn,  Stud.  Biol.  Lab.,  J.  H.  U.,  Vol.  3, 
1884.  "North  American  Bchiurtds,"  by  C.  B.  Wilson,  Biol.  Bull.,  VoL  1,  p.  163,  1900L 
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cesophageal  ring  is  present  which  is  much  elongated,  as  it  extends  from 
the  front  end  of  the  prostomium  to  the  ventral  chord  back  of  the  mouth. 
Special  sense  organs  are  wanting  but  the  prostomium  acts  as  a  feeler. 

The  animals  are  unisexual,  the  gonad  being  unpaired  but 

the  ducts  paired. 

The  Eehiurida  are  marine  worms  which  live  in  the 

sand  and  mud  or  between  stones,  usually  near  the  shore. 

The  order  contains  about  20  species  and  5  genera,  3  genera 

and  5  species  being  known  on  the  Atlantic  and  1  species 

on  the  Pacific  coast. 

Key  to  the  genera  of  Eehiurida  here  described  : 

Oi  Preaoal  bristles  present 1.  Eohtctbub 

Oa  No  preanal  bristles 2.  Thalassema 

1.  EoHiTTBlFB  Cuvier.    Preanal  bristles  and  2  ventral 

hooks  present;  body  marked  with  rings  bearing  spines; 

2  or  3  pairs  of  nephridia:  3  species. 

E.  pallasi  Gu^rin  {E,  chryaacanthophorus  Pourtal^s) 

(Fig.   495).     Proboscis  spoon-shaped   but  cylindrical   at 

base;  about  22  body  rings  present;  color  gray,  yellow,  or 

orange;  length  30  cm.  or  less;  length  of  proboscis  6  cm.; 

width  6  cm.:  North  Atlantic   (Casco  Bay)   and  Alaska; 

Europe. 

2.  Thalassexa  Gaertner.  Proboscis  rather  pointed  at 

end;  no  preanal  bristles  but  2  ventral  hooks  present;  1  to 

4  pairs  of  nephridia :  12  species. 

T.  meliUa  Conn  (Fig.  496).  Color  dull  red  with  8  Ion-  ^    ^^^ 

gitudinal  bands;  proboscis  light  yellow;  length  25  mm.,       ThaioMema 

exclusive    of    proboscis,    which    is    long    and    flexible:         (oriiiDai) 

dr&wiiis  ^y 
Beaufort,  N.  C,  often  in  sand-dollar  shells.  H.  W.  Conn). 
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Fix.  495 

Bchimrus 

palhui 

(Wllsoii). 

1,  proboscis 
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setae. 


Class  3.    HXBUDINEA.* 

Leeches  (Fig.  501).  Dorso-ventrally  flattened,  often  brightly  col- 
ored anqelids,  which  are  completely  s^mented  internally  and  are  marked 
externally  with  three  or  more  rings  to  each  somite.  A  large  sucker  is 
present  at  the  hinder  and  a  small  one  at  the  forward  end  by  means  of 
which  the  animal  moves  on  hard  surfaces.    Parapodia,  tentacles,  and  setae 

*  See  Leeches  of  the  V.  S.  Nat.  Musenm/'  by  J.  P.  Moore,  Proc.  17.  S.  Nat  Mns.,^ 
VoL  21,  p.  543,  1898.  "The  Hlrndlnea  of  Illinois,"  by  J.  P.  Moore,  Bull.  111.  St.  Lab.,' 
Tol.  5,  p.  479,  1901.  "Notes  on  the  Leeches  of  Nebraska,'*  by  H.  B.  Ward,  Studies 
from  the  Zool.  Lab.  Neb.,  No.  61.  "Hlrndlnea  and  OUgocheta  Collected  In  the  Great 
Lake  Region,"  by  J.  P.  Moore,  Bull.  U.  S.  Fish.  Bur.,  Vol.  26,  p.  166,  1905.  "Die 
SUsswasserfanna  Dentschlands,  Hlrndlnea,"  by  L.  Johansson,  1909.  "The  Leeches  of 
Minnesota,"  by  J.  P.  Moore,  Part  III,  Geog.  and  GeoL  Sor.  Minn.,  1912. 
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are  wanting.  AcanthohdeUa,  a  Russian  fresh-water  leeeh,  is  an  ezeeption 
to  this  rolei  having  setae  on  the  first  five  somites.  Paired  gills  are  present 
in  a  few  genera.  The  head  is  not  distinctly  marked  off  from  the  trunk 
but  the  prostomium  projects  in  front  of  the  mouth,  as  in  the  OUgochaia, 
The  body  cavity  differs  in  character  from  that  in  most  other  annelids  in 
that  it  is  filled  secondarily  with  a  vacuolated  parenchyma;  several  tube- 
like spaces  are,  however,  still  left  in  it  which  are  connected  with  the 
vascular  system  and  contain  blood. 

The  mouth  is  ventral  or  subtermitial  in  position  and  opens  into  a 
pharynx  which  is  provided  with  salivary  glands  and  in  turn  leads  into 
the  cBBophagus  and  the  large  crop;  this  organ  has  paired  segmental 
pouches  and  passes  back  to  the  stomach,  which  may  also  be  provided 

with  paired  pouches.  The  short  intestine  passes  to  the 
anus  at  the  hinder  end  of  the  body  above  the  sucker. 
The  pharynx  (Fig.  497)  is  provided  with  three  serrated 
ehitinous  plates  in  the  medicinal  leech  and  its  allies,  by 
means  of  which  the  animal  may  draw  blood  from  the 
body  of  its  host  The  RhynckohdeUidae,  on  the  other 
hand,  have  no  such  plates  but  a  proboscis  which  can  be 
thrust  out  of  the  month  and  be  made  to  pierce  the  akin 
of  another  animal.  The  main  vascular  system  consists 
in  general  of  four  longitudinal  blood  vessels,  a  dorsal,  a 

¥is    497— A, 

anterior  end  ol  ventral,  and  two  lateraL  The  excretory  S3rstem  consists 
?eecb  ;^  B,^anto-  of  paired  nephridia  in  the  middle  portion  of  the  body 
rhynchobdeiiid  (seventeen  pairs  m  Hifudo)^  the  inner  ends  opening  into 
1,  "cbit'in^o'uB  the  sinuses  representing  the  body  cavity.  The  nervous 
iende^  probM^  system  is  like  that  of  other  annelids.  The  two  longi- 
.'^^.r.''   ^'*'     tudinal  nerve,  are  doee  together  uid  sevend  of  the 

anterior  ganglion  {mira  are  fused  together  forming  an 
infra-OBSophageal  ganglion.  The  special  sense  organs  consist  of  a  number 
of  pairs  of  eyes  (in  Hirudo  five)  at  the  forward  end  of  the  body  and  sense 
buds  which  are  most  numerous  at  the  forward  end. 

The  leeches  are  hermaphroditic.  A  number  of  pairs  of  testes  alter- 
nate usually  with  the  s^mental  lateral  pouches  of  the  digestive  tract 
and  communicate  with  a  pair  of  vasa  deferentia  which  proceed  to  the 
male  genital  pore  in  the  anterior  part  of  the  body,  joining  to  form  a 
penis  at  their  anterior  end.  The  female  pore  lies  just  behind  the  male; 
two  ovaries  are  present  which  are  joined  by  the  oviducts  with  the  vagina. 
Fertilization  is  effected  by  means  of  a  spermatophore  and  the  eggs  are 
usually  laid  in  a  cocoon  formed  by  a  ditellum  on  the  ninth,  tenth,  and 
eleventh  somites.  The  young  animal  is  bom  with  the  form  of  the 
parent. 
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Leeebes  are  mostly  aquatio  animals  which  live  in  fresh  water  in  all 
parts  of  the  world;  a  few  live  in  the  sea  and  a  few  in  moist  earth.  They 
are  predaeioos  animals,  feeding  on  oligoehets,  snails,  and  other  small 
animals  and  are  also  at  times  external  parasites,  sucking  the  blood  of 
aquatic  vertebrates.  The  class  contains  two  orders  and  about  150 
qpedes. 

Key  to  the  orders  of  Hirudinea: 

Qi  Proboecis  present  and  no  jaws ;  blood  colorless ;  somites  rarely  consisting   n 
of  5  rings  each 1.  Rhtnohobdellioa 

a^  No  prolKWcis  but  usually  8  Jaws  present;    blood  red;    somites  usually 

consisting  of  5  rings  each 2.  Gnathobdkluda 

ObdebI.    RHTNOHOBDELUDA.* 

Leeches  with  a  proboscis  which  can  be  thrust  out  of  the  mouth,  and 
no  jaws,  and  with  colorless  blood;  segments  consisting  of  3  or  more  but 
rarely  of  5  rings  each:  2  families. 

Key  to  the  families  of  Rhynchohdellida: 

Ot  Both  suckers  distinct  from  body 1.  Ichthtobdellidas 

Oi  Hinder  sucker  distinct,  forward  sucker  more  or  less  fused  with  body. 

2.  GLOSSIPHONimAK 

Faioly  1.    ICHTHYOBDELLIDAE. 

Leeches  parasitic  on  fishes,  tortoises,  and  some  other  animals;  both 
suckers  pedunculate;  body  elongate,  narrow  anteriorly,  and  broad  pos- 
teriorly; body  segments  containing  more  than  3  rings  each:  7  genera. 

Key  to  the  genera  of  lehthyohdellidae  here  described : 

Ox  No  gilUi  present 1.  Piboioqla 

Ot  Gills  present. 

hx  Paired  papilliform  vesicles  act  as  gills 2.  Gtstobbanohus 

bt  Paired  arborescent  gills  present 3.  Branchellxon 

1.  PiaoxooLA  Blainville.  Body  cylindrical,  distinctly 
annulated  with  many  (usually  14)  rings  to  a  somite;  eyes 
distinct:  many  species. 

P.  rapax  (Verrill)  (Fig.  498).  Body  long  and  slender, 
dark  olive  in  color  with  a  row  of  rectangular  white  spots 
along  each  side;  length  40  mm.;  width  2  mm.:  on  the 
summer  flounder.  p&^u:^ 

P.  funduli  (Yerr.).    Body  smooth,  distinctly  annu-        (ve/rifi). 
lated,  lig^t  green  in  color  with  fine  dots  of  brown  and 
green;    length    18   mm.;    2    large   and    2    smaU   eyes:    on   Fundulus 


*  See  "Some  North  American  Freshwater  RhynchobdeUida  and  Their  Parasites,* 
by  W.  B.  Castle,  BnU.  Mna.  Comp.  ZooL,  VoL  36,  p.  17,  1900. 
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2.  OTSTOBBAVOBini  Diesing.  Gills  present  in  form  of  paired  papil- 
liform  vesicles  along  the  sides  of  the  body;  body  composed  of  2  regions, 
a  narrow  anterior  region  of  11  somites  and  a  broad  posterior  region; 
each  s^ment  contains  7  rings:  2  species. 

0.  yividns  Verrill.  Body  with  11  pairs  of  vesideSy  brownish  or 
pnrplish  in  color  with  3  irregular  rows  of  white  spots  on  the  back; 
length  25  mm.;  eyes  4:  on  Fundulua  piaculentus;  Long  Island  Sound; 
also  in  fresh  water. 

3.  BsAVOKBXXiov  Savigny.  Gills  present  in  form  of  paired 
aborescent  appendages;  body  with  a  slender  anterior  neck:  several 
species. 

B.  raveneli  (Girard)  (Fig.  499).  Body  with  about  30  pairs  of 
gills,  dark  brown  or  purple  in  color;  length  6  cm.:  on  skates  and 
rays. 

Faiolt  2.    GL06SIPH0NIIDA1L 

Fresh-water  leeches  in  which  the  anterior  sneker  is  fused  with  the 
body  and  the  posterior  sucker  is  distinct;  each  segment  contains  3 
rings ;  no  cocoon  is  formed,  the  eggs  and  young  being  fixed 
to  the  mother's  body:  several  genera. 

1.  Glosszpkovxa  Johnson  (Clepsine  Savigny).    Body 

wide,  attenuated  forward,  often  brightly 
colored;  animal  cannot  swim  but  roUs 
up  when  alarmed:  numerous  species;  in 
fresh  water. 

G.  parasitica  (Say)  {Clepsine  plana 
Whitman).    Body  broad  and  flat,  with  a 
smooth  surface;  color  variegated,  being 
(Verrtii).   Fig.  600— oio99iphonia     greenish  or  yellowish,  with  longitudinal 

complanata — anterior  end  showing  j»         x       i  .^         i        •.    «• 

eyes  (SUbbw.  F.  Dent).  rows  of  spots;  lower  surface  longitudi- 

nally striped;  2  eyes;  length  6  cm.; 
width  2.6  cm.:  the  most  abundant  American  species;  on  turtles  or 
under  stones. 

O.  complanata  (L.)  (Fig.  500).  Body  30  mm.  long  and  10  mm. 
wide,  very  flat;  color  greenish,  spotted  wit^  yellow;  eyes  6,  in  3  pairs: 
often  common  under  stones  in  running  water;  very  active;  Europe. 

O.  fnsca  Castle  (G.  Uneata  Yerrill).  Body  12  mm.  long,  flat  and 
broad,  with  12  longitudinal  brown  stripes;  2  large  eyes:  in  cold 
streams. 

O.  elegans  (Verr.)  (Fig.  501).  Body  elliptieal,  18  mm.  long  and 
7  mm.  wide,  brownish  in  color;  head  colorless;  6  eyes:  abundant  in 
shallow  waters,  often  with  0»  atagnalis;  sluggish  in  its  movanents. 
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O.  rUfOBft  (Verr.).    Body  rough  and  pspilloee;  color  variegated, 
spotted  irregnlarlj  with  yellow  and  green;  2  eyes;  length  5  Dm.:  abon- 

dant  under  stones  is  run- 
ning water. 

a.     ttacnallB     (L.) 

(F^.  502).    Body  small, 

rather  elongate,  grayish 

or  pinkish  in  color,  and 

25  mm.  long  by  2  mm. 

wide  when  extended;  10 

mm.  long  at  rest;  anon- 

lation  distinet;   2   eyes; 
between   rings  12   and   13   is   a   con- 
^ieucus  brown,  enticnlar  plate;  crop      | 
with    but    one    pair    of    ponebes:    in 
ponds  and  sluggish  streams,  where  it 

feeds  on  small  snails;  very  common;  ^ 

Europe;     very    active    in    its    move- 
ments, 

a.hrterocUta  (L.)  (Fig.  603).  Body 
transparent,  yellowish  or  brownish  in 
color,  about  10  mm.  long  and  3  mm. 

wide,  and  with  indistinct  rings;  6  eyes  Jt 

arranged  in  pairs  at  the  comers  of  a 
trian^e:     in     ponds     and     sluggish 

streams;  Europe. 

2.  HBiaoixpaiB  Vej-  ^ 

dovsky.  Anterior  sucker 

pedunculate;  body  wide 

and  flat:  several  species. 
B.  cariaata-  YerrilL 

Body  35  mm.  long,  rather 

slender ;    color    greenish 

with  longitndinal  stripes ; 

eyes  2,  conspieuons:  com- 
mon in  streams,  some- 
times attached  to  fn^ 

or  toads. 


Fig.  BOl— Oloirtphowia  

dlBfTBH]  ibawliig  the  dlsotiTe  and 
xeultBl  tncta,  BMQ  frou)  the  dorul 
■nrfsce,  the  Bomitea  belns  DnmbcKd 
on  the  left  knd  the  rlnfi  on  tbe 
right  aide  <C»t1e).  >n.,  «nna;  br., 
brain;  er,  crop;  In., Inteetlne ;  or., 
OTRrr;  pr.,  protmadB;  p.e.,  pogte- 
rior  aneter ;    iL,  BallTary   BUnds ; 


pore ;'  V,  /emale  genital  pan. 

OmiEB  2.    aNATHOBDELUDA. 
FrNb-water  and  terrestrial  leeches  without  a  proboscis  and  usually 
with  3  jaws  (Fig.  497,  A) ;  blood  red;  2  families. 
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Key  to  the  familiefl  of  GnathobdeUida: 

Oi  Three  timthed  jaws  preaeut 1.  HiK7mi(IIIi4> 

o.  Three  anamied  maacular  rid^ee  preaent  in  pUce  of  the  jbwb. 

2.  Hn 


Fauilt  1.    HIBTIDINIDAE. 
Leeches  with  3  toothed  jawe;  segment  containa  5  rings;  5  p&irs  of 
eym:  scTeral  genera. 

1.  EiKinw  L.    Elongate,  flattened  leeehes  with  about  96  annnU- 

tions;  wmrgin  of  body  eerrate;  crop  with  about  10  pairs  of  lateral 

pockets;  teeth  very  nameroQB,  over  100  in 

number;  body  eontmets  and  does  aot  roll 

M  np:  namerons  species. 

M  H.  mwHdiuJii  L.    The  medidnal  leech. 

■  Body  yellowish-brown,  10  to  20  em.  long: 

H  an  Enropean  animal  which  has  been  iDtro- 

^1  duced  into  some  ponds  and  streams  in  the 

^H  eastern    United    States;    used    for  blood- 

^B  letting. 

^m  8,  Hnom  Savigny.  Body  rather  thick, 

^H  with  smooth  margins;  crop  with  1  pair  of 

^M  c»ca  but  without  lateral  pockets;  teeth  few, 

^H  aboat  20;  5  pairs  of  eyea. 

^^L  H.  mamuwatls  (Say).    The  horsdeec^ 

^^^^.  Body  10  em.  long  or  more,  15  mm.  wide, 

^VOP  Emooth,  and    very   soft;    color   vmriegated, 

being  blackish  or  brownish,  blotched  with 

irregular  spots:  in  the  mnd  at  the  side  of 

pools    and    streams   and    also   occaaionaUy 

on   the    land;   will    occasionally   sock    blood   bat   nsoally   eats  worms, 

snails,  etc 

H.  grandis  (Verrill).  Body  20  cm.  long  or  more,  specimens  46  em. 
having  been  found;  color  yellow,  mottled  with  black;  the  largest 
American  leech:  New  England,  the  Great  Lakes,  and  westward. 

S.  Uaobobdeila  Verrill.  Body  strongly  annulated,  broad  and  flat- 
tened, and  tapering  bnt  little;  about  65  teeth  on  each  jaw;  male  oriSee 
between  segments  26  and  27  and  the  female  orifice  between  segments 
31  and  32:  3  species. 

H.  decora  (Say).  Body  up  to  30  cm.  long  and  26  nun.  wide,  brown 
or  olive  green  in  color,  with  a  median  row  of  about  20  red  spots  and  a 
row  of  black  spots  near  each  margin ;  lower  surface  reddish :  very  eom- 
moD  in  fresh  water,  a  fierce  blood  sacker,  attacking  men,  cattle,  flah, 
frogs,  etc.,  bnt  also  eating  other  animala. 
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FAitiLT  2.    HEBPOBDELLIDAE. 

Body  Bubcylindrical,  elongate  with  3  imBrmed  muscalar  ridges  io 
place  of  j&wb;  crop  withoat  lateral  pockets:  several  genera. 

1.  HSBPOBDKLLA  Blaltiville  (Nephelis  S&vigny),  Body  long  and 
narrow  and  with  smooth  margin;  segments  contain  5  rings  each;  genital 
orifices  separated  by  2  or  3  rii^:  many  species;  on  plants  and  on  the 
nnder  side  of  stones  in  streams. 

H.  punctata  (I«idy]  (Tig.  504).  Body  up  to  10  cm.  long  and  1  cm. 
wide;  color  hrownish-black  with  4  longitudinal  rows  of  irregular  black 
spots ;  3  pairs  of  eyes :  common  in  streams  and  pools. 

H.  (Dina  Blanchard)  farvida  (Verrill)  (Fig.  505).  Body  tip  to  5 
cm.  long,  variegated  pale  red  in  color;  3  or  4  pairs  of  eyes:  abtmdant 
in  the  Great  Lakes  region. 

Cuss  4.    mZOSTOBUDA.* 

These  animals  are  small  disc-shaped  parasites  of  crinoids,  ophinrans, 
and  starfishes,  on  the  bodies  of  which  they  live  either  in  cysts  or  free. 
The  body  is  oval  in  outline,  much  fl)>^ 
tened,  and  externally  nnsegmented. 
poBSflSses,  however,  five  pairs  of  pai 
podia,  each  of  which  is  stiffened 
two  setae,  and  four  pairs  of  latei 
ventral  snoker-like  organs  which  t 
probably  sense  oi^ans.     The  edge 
the  body  is  serrate  in  some  species ; 
others  ten  pairs  of  short  cirri  exte 
from  it.    A  distinct  head  is  not  pr 
ent  (:F^.  506). 

The  body  cavity  is  obliterated  by  p^.  bos-dubwd.  of  .  myioBtomi. 
the  growth  of  a  vascular  parenchyma  i;^45iSum!-4.\kttrlii»in™or'g™ 
throngfaont  it.    The  month  is  ventral      <>■  '?ifSP°"  b™o<iie«;  c,  ov»ry;  7 

^  DepDridium  ^   S,  utcnis;   v.  atonmca. 

in  position  and  near  the  anterior  end  l^re,'""'* '  **' """" "  """'*  genital 
of  the  body;  it  opens  into  the  pharynx, 

which  forms  a  proboscis.  The  intestine  la  straight  and  sends  out  a  num- 
ber of  loi%  branches  on  each  side.  The  anus  is  near  the  hinder  end  of  the 
body.  Special  vascular  and  respiratory  organs  are  wanting;  nephridia  are 
present.    The  nervous  system  is  highly  specialized.    It  consists  of  two 

■  Sm  "TanelcbDlw  dcr  von  dm  V.  B.  Cout  Bnrrer  Stomen  HBraler  und  Blake, 
voa  1887-1879,  fewmmelten  Hyioitomldeen,"  by  L.  vod  araff,  Bnll,  Mm.  Comp. 
tool..  VoL  tl,  p.  lau.  1888.  "The  aeiual  Phaaei  of  Hrioitoma,"  by  W.  M.  Wheeler, 
Mitt  ans  d.  ZooL  8t  an  Neap.,  Vol.  11,  p.  SST,  1B9S.  "New  Harioe  Warma  ot  Um 
0«o«  Hrwitoma,"  b;  I,  T.  HeClendoQ,  Froc.  V.  B.  Nat.  Hua..  Vol.  SZ,  p.  «S,  1807. 
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oesophageal  nerve  rings  and  a  large  ventral  nerve  mass  whicli  is  composed 
of  about  six  fused  pairs  of  ganglia  and  sends  off  numerous  nerves.  No 
special  sense  organs  are  present.  The  animals  are  hermaphrodite.  The 
testes  are  paired,  branched  organs  which  are  joined  on  each  side  by  two 
vasa  deferentia  with  a  lateral  sperm  sac;  this  opens  to  the  outside  by  a 
marginal  pore  near  the  middle  of  the  body.  Two  ovaries  are  present ;  the 
ova  are  collected  in  a  median  uterus  which  communicates  with  the  rectum. 

The  class  includes  over  70  species  and  2  genera. 

Myzostoxa  F.  S.  Leuckart.  With  the  characters  of  the  class: 
numerous  species. 

M.  glabmm  F.  S.  Leuck.  Body  nearly  circular,  4  mm.  long,  with  10 
pairs  minute  protuberances;  parapodia  short;  cloaca  dorsal:  Europe,  on 
Antedon  rosacea,  attached  to  the  oral  plates. 

M.  cnbanum  McClendon.  Diameter  1.7  mm.;  thickness  .08  mm.; 
dorsal  surface  flat,  with  10  pairs  of  short  conical  cirri;  ventral  surface 
convex;  parapodia  prominent;  suckers  absent:  West  Indies,  from 
erinoids  off  Havana. 


PHYLUM  V. 


ARTHROPOD  A.     (Cbustaceaks,   Abachnids,   Mybiapods, 

AND  InSEOTS.) 

Animals  which  are  externally  segmented  and  have  segmented  ex- 
tremities (Fig.  542,  A). 

External  Structure.— The  segmentation  of  arthropods  is  heterono- 
moos,  the  somites  or  body  segments  being  unequal  in  size,  and  in  most 
eases  the  body  is  made  up  of  three  divisionsi  the  head,  the  thorax,  and 
the  abdomen.  Fusion  occurs  very  frequently  between  contiguous  somites 
so  that  their  boundaries  are  obliterated:  the  somites  of  the  head  are 
always  thus  fused.  The  appendages  or  extremities  are  elongated,  seg- 
mented projections  of  the  ventral  body  wall,  there  being  typically  a 
single  pair  on  each  somite  except  on  the  terminal  one.  In  many 
cases  where  the  segmentation  has  disappeared  secondarily  the  number 
of  pairs  of  appendages  gives  a  clue  to  the  number  of  somites  originally 
present. 

The  appendages  are  primarily  locomotoiy  and  sensory  oi^^ans,  but 
^e  find  them  performing  many  other  functions.  The  first  pair  forms 
the  antennae  or  feelers,  where  these  are  present,  and  their  function  is 
usually  purely  sensory.  One  or  more  pairs  form  the  jaws,  which  have 
thus  a  right  and  left  position.  The  appendages  of  the  middle  and  hinder 
part  of  the  body  usually  preserve  their  locomotory  function  and  form 
the  walking  or  swimming  legs.  These,  however,  often  serve  also  other 
purposes,  as  for  respiration  and  the  transportation  of  eggs  or  young,  or 
as  spinnerets  in  spiders,  and  as  stings,  anal  feelers,  and  ovipositors 
among  the  insects. 

The  following  scheme  taken  from  Korschelt  &  Heider's  Textbook  of 
Embryology  illustrates  the  homologies  of  the  anterior  pairs  of  appendages 
in  the  principal  groups  of  Arthropoda: 
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The  laigest  group  of  arthropodsi  the  insects,  is  distinguished  by  the 
possession  of  wings,  two  pairs  of  which  are  typically  present,  arising  as 
projections  from  the  dorsal  wall  of  the  thorax. 

The  principal  organs  of  special  sense  are  the  eyes,  the  tactile  hairs, 
and  the  auditory  or  balancing  organs.  The  tactile  hairs  are  usually  dis- 
tributed over  the  body,  but  are  probably  most  sensitive  on  the  antennae 
and  the  palps,  where  they  are  organs  of  touch,  hearing,  taste,  or  smell. 
The  eyes  are  of  two  kinds,  simple  and  compound.  A  simple  eye  or 
ocellus  is  a  minute  structure  formed  by  a  modification  of  the  integu- 
ment and  consisting  of  a  convex  retina  and  a  lens.  A  compound  eye  is 
a  much  larger  and  more  complex  structure  and  consists  of  a  large  number 
of  distinct  elements  called  ommatidia.  Each  of  these  is  a  separate  light- 
perceiving  body,  and  the  sum  of  the  images  of  all  the  ommatidia  of  a 
compound  eye  forms  the  picture  the  animal  sees.  This  is  called  mosaic 
vision  and  characterizes  crustaceans  and  insects  alone  among  animals. 
A  pair  of  lithocysts,  or  so-called  auditory  organs,  are  present  in  certain 
crustaceans;  they  are  organs  of  equilibration.  A  few  species  of  insects 
have  genuine  auditoiy  organs. 

The  integument  of  arthropods  is  composed  of  a  shell-like  cuticula 
which  forms  the  entire  outer  surface,  and  a  layer  of  glandular  cells  called 
the  hypodermis  which  lies  beneath  the  cuticula  and  secretes  it.  The 
cuticula  is  rendered  tough  and  thick  by  the  presence  of  chitin  and 
sometimes  of  calcium  carbonate  and  forms  a  very  efficient  outer  cov- 
ering. During  the  period  of  growth  an  arthropod  sheds  its  cuticula 
periodically. 

Arthropods  are  often  highly  colored,  some  of  them  being  among  the 
brightest  of  animals:  many  are  protectively  colored  and  many  crustaceans 
are  transparent,  being  almost  invisible  in  the  water  in  which  they  live. 
Sexual  dimorphism  is  very  common,  the  males  being  distinguished  from 
the  females  by  size,  color,  or  other  external  markings. 

Internal  Structure.-'The  digestive  tract  extends  from  the  mouth  to 
the  anus  and  is  made  up  of  f  oregut,  midgut,  and  hindgut,  which,  however, 
in  all  arthropods  have  undergone  a  large  degree  of  specialization.  Sali- 
vary glands  are  generally  present  in  the  terrestrial  arthropods  but  are 
absent  in  the  aquatic  ones.  Other  digestive  glands  are  wanting  in  insects, 
but  in  crustaceans  and  arachnids  a  voluminous  liver  is  often  present. 
The  excretory  organs  or  kidneys  are  present  in  the  form  of  one  or  more 
pairs  of  tubular  glands. 

The  circulatory  system  is  not  highly  specialized.  A  blood  fluid  is 
always  present  which  circulates  among  the  organs  in  the  extensive  body 
cavity.  In  many  small  crustaceans  no  heart  or  other  vessels  are  present, 
but  the  circulation  is  maintained  by  the  movements  of  the  intestine  or  of 
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the  whole  body.  In  most  arthropods,  however,  a  heart,  usually  tubular 
in  shape,  is  present  in  the  dorsal  part  of  the  body  cavity,  the  beating  of 
which  keeps  the  blood  in  circulation.  In  no  arthropods,  however,  is  there 
a  dosed  vascular  system,  as  the  blood,  even  in  the  highest,  passes  from  the 
tissues  to  the  respiratory  organs  through  open  spaces  of  the  body  cavity.  In 
most  arthropods  respiratory  organs  in  the  form  of  projections  from  the 
legs  or  the  sides  of  the  body  are  present.  In  the  crustaceans  these  pro- 
jections extend  into  the  water  and  form  the  gills,  while  in  the  air-breathing 
forms  the  projections  extend  into  the  body  cavity  and  become  the  so-called 
lungs  of  the  arachnids  or  the  tubular  tracheae  which  carry  respiratory 
&.ir  directly  to  the  blood.  The  muscular  and  nervous  systems  of  arthro- 
pods are  highly  developed.  The  muscles  are  all  striated  and  are  probably 
the  most  energetic  among  animals. 

The  main  nervous  S3rstem,  like  that  of  annelids,  consists  of  a  number 
of  pairs  of  segmentally  arranged  ganglia  and  nerves  connecting  them. 
The  anterior  pair  constitutes  the  brain  and  is  situated  in  the  dorsal 
portion  of  the  head;  from  it  nerves  go  to  the  eyes  and  the  antennae. 
The  remaining  parts  are  ventrally  situated,  one  pair  being  typically 
in  each  somite.  In  most  arthropods,  however,  fusion  has  occurred  among 
the  ganglia  so  there  are  fewer  pairs  of  them  than  of  somites.  This  fusion 
has  gone  so  far  in  some  of  the  highest  arthropods  that  all  the  ventral 
ganglia  have  come  to  form  a  single  mass.  In  all  arthropods  the  brain 
is  distinct  and  is  joined  with  the  ventral  ganglia  by  a  pair  of  connecting 
nerves,  one  of  which  passes  on  each  side  of  the  oesophagus. 

With  a  few  exceptions  arthropods  are  unisexual,  the  hermaphroditic 
forms  being  a  few  parasitic  or  sessile  crustaceans  and  a  few  arachnids. 
The  gonads  are  usually  paired,  tubular  glands  which  open  to  the  outside 
by  a  pair  of  openings  in  crustaceans  and  by  a  single  median  abdominal 
opening  in  most  other  arthropods.  Parthenogenesis  occurs  among  certain 
crustaceans  and  insects,  and  pedogenesis  occurs  as  a  rare  phenomenon 
among  the  latter. 

Arthropods  are  generally  characterized  by  the  care  they  take  of  their 
eggs  and  young.  Many  of  them  carry  their  eggs  until  they  hatch,  and 
often  the  young  animals  are  also  carried.  Among  insects  a  family  life 
of  remarkable  complexity  characterizes  many  species,  which  often  leads 
to  the  formation  of  colonies  characterized  by  a  division  of  labor  among 
their  individual  members,  as  in  the  case  of  the  bees,  termites,  and  many 
others. 

Distribution.— Arthropods  constitute  the  largest  phylum  of  animals, 
numbering  about  400,000  known  species,  or  four-fifths  of  all  known  spe- 
cies of  animals.  They  form  also  one  of  the  most  widely  distributed 
groups,  being  found  in  all  parts  of  the  sea  and  land.    The  crustaceans 
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are  almost  exclusively  aquatic  and  the  arachnids  and  tracheates  almost 
exclusively  terrestrial  and  aerial  animals. 

Htstori/.— Ldnnffius  gave  the  name  Insecta  to  all  the  animals  which 
are  now  included  under  the  Arthropoda,  the  crustaceans,  spiders,  and 
myriai>ods  being  Insecta  aptera.  Cuvier  in  1800  created  the  Crustacea 
as  an  independent  class,  and  Lamarck  in  1801  performed  the  same  service 
for  the  Arachnida,  restricting  the  term  Insecta  to  the  Hexapoda  and  the 
Myriapoda.  The  last-named  group  was  created  in  1796  by  Latreille.  All 
these  animals  were  joined  by  Cuvier  with  the  Annelida  to  form  the  Ar- 
ticulata,  but  in  1845  von  Siebold  separated  the  Annelida  from  the  others, 
making  a  class  of  them  under  the  Vermes,  and  formed  an  independent 
group  of  the  Crustacea,  Arachnida,  and  Insecta  to  which  he  gave  the  name 
Arthropoda, 

The  phylum  contains  3  classes. 

Key  to  the  classes  of  Arthropoda: 

Oi  Aquatic  arthropods  (with  a  few  exceptions)  having  gills  and  2  pairs  of 

antennae 1.  Cbustacea  ^ 

Ot  Air-breathing  arthropods  (with  a  few  exceptions). 

hy  Antennae  absent 2.  Araghxoidea 

5,  One  pair  of  antennae  present 3.  Tbacheata 

Class  1.    OBTTSTAOEA  • 

Aquatic  arthropods  which  breathe  by  means  of  gills  and  have  2  pairs 
of  antennae  and  biramose  appendages  (Fig.  542). 

External  Structure,-— An  elongated  body  with  distinct  segmentation, 
in  which  the  primary  division  into  head,  thorax,  and  abdomen  is  evident, 
characterizes  most  crustaceans.  A  tendency  is  however  present  in  all  the 
groups  towards  a  fusion  of  the  somites  and  a  shortening  of  the  body. 
Those  forming  the  head  are  always  thus  fused  and  are  besides  often 
joined  with  some  or  all  of  the  thoracic  somites,  forming  thus  a  body 
division  called  the  cephalothorax,  which  in  many  crustaceans  is  wholly  or 
partly  covered  by  a  bivalve  shield  called  the  carapace. 

The  appendages  are  fitted  primarily  for  locomotion  and  respiration  in 
the  water  and  are  typically  biramose,  each  consisting  of  a  basal  piece,  the 
protopodite,  and  two  segmented,  terminal  pieces,  an  outer  one,  the  exopo- 
dite  (Fig.  516,16), and  an  inner  one,  the  endopodite  (Fig.  516,17).  Although 
this  is  the  primitive  condition  of  the  appendage,  the  performance  of  special 
functions  has  in  many  cases  brought  about  a  modification  of  it  and  often  a 
loss  of  some  of  its  parts. 

*  See  "Crastacea,"  by  A.  Gerstaecker  and  A.  B.  Ortmann.  Bronn*8  ''Elass.  o. 
Ord.  d.  Tbierreichs/'  Bd.  5,  Abt.  1  and  11,  1866-1901.  "Crustacea,**  by  J.  S.  Kingsley, 
Standard  Natural  Hist.,  Vol.  2,  1888.  "List  of  tbe  Crustacea,**  by  Mary  J.  Ratbbun, 
Fauna  of  New  England  in  Occasional  Papers  of  tbe  Boston  Soc.  of  Nat.  Hist.,  VII, 
1905. 
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Vive  pairs  of  Appendages  are  present  in  the  head,  the  first  antennae, 
seeond  antennae,  mandibles,  first  maxillae,  and  second  maxillae.  Of  these, 
the  first  pair  of  antennae  (antennnles)  differs  from  all  the  other  api)end- 
ages  of  the  body  in  not  being  typically  biramose;  th^  are  not,  however, 
necessarily  simple,  but  the  distal  portion  of  the  appendage  is  frequently 
split  into  two,  three,  or  more  branches,  called  flagella  (Fig.  614,1).  The 
mandibles  are  short,  stout  appendages,  fitted  for  biting,  and  may  bear  a 
sensory  palp  which  is  the  modified  endopodite,  the  exopodite  being  want* 
ing.  The  two  pairs  of  maxillae  are  usually  delicate  structures  whose 
function  is  probably  chiefly  sensory. 

The  number  of  thoracic  appendages  varies  g^reatly  among  crustaceans. 
The  smallest  number  of  pairs  (2)  is  found  among  ostracods  and  the 
largest  number  (60)  among  the  Apodidae,  The  abdominal  appendages 
are  wanting  in  the  Entomostraca  and  in  the  youngest  larval  forms  of 
most  Malacostraca.  In  adults  of  the  latter  group,  however,  these  are 
present  on  all  the  abdominal  segments  except  the  last  one  (telson). 

The  cuticula  of  crustaceans  is  shed  periodically.  In  the  smaller 
species  it  is  very  delicate  and  the  animal  is  often  quite  transparent.  In 
the  large  Malacostraca  it  contains  calcium  carbonate  as  well  as  chitin  and 
is  very  hard  and  thick :  it  is  such  animals  which  have  given  the  g^roup  the 
name  Crustacea. 

Internal  Structure  (Fig.  623).— The  digestive  tract  is  in  most  crus- 
taceans a  straight  tube  going  from  the  ventrally  located  mouth  to  the 
anus  at  the  hinder  end  of  the  body.  Tubular  livers,  often  very  volumi- 
nous, ftre  present  in  most  forms;  salivary  glands  are  absent.  The  ex- 
cretory organs  consist  of  a  pair  of  tubular  glands,  the  kidneys,  which 
open  to  the  outside  in  the  neighborhood  of  the  mouth.  The  respiratory 
organs  are  lacking  in  some  of  the  small  crustaceans,  the  outer  surface  of 
the  body  performing  this  function.  In  most  of  them,  however,  ^lls  are 
present,  lus  projections  of  the  thoracic  or  abdominal  appendages  or  of 
the  sides  of  the  body. 

With  the  exception  of  most  of  the  Cirripedia,  which  are  all  either 
sessile  or  parasitic,  all  crustaceans  are  unisexual.  Among  the  Phyllopoda 
and  Ostracoda  parthenogenesis  is  common.  In  the  lower  crustaceans  the 
animal  usually  leaves  the  egg  as  a  nauplius  larva,  a  minute  animal  with 
three  pairs  of  appendages,  of  which  the  first  pair  is  uniramose  and  the  sec- 
ond and  third  pairs  are  biramose.  With  a  few  exceptions  {Peneus,  Lucifer) 
all  the  higher  crustaceans  pass  through  the  nauplius  stage  while  still  in 
the  egg  and  are  bom  in  some  later  stage  of  development.  Many  of  them, 
as  the  cra3rfish,  have  the  form  of  the  adult  when  bom,  the  entire  meta- 
morphosis having  been  completed  in  the  egg. 

Habits  and  Distribution.—The  sowbugs,  land  crabs,  and  a  few  other 
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forms  live  on  the  land,  but  all  others  are  aquatic  anitnala  The  majority 
of  these  live  in  the  sea,  the  PhyUopoda  being  the  only  order  which  is 
better  represented  in  fresh  than  in  salt  water.  Crustaceans  feed  largely 
on  decaying  animal  and  plant  substances.  Many  are  parasitic,  especially 
among  the  Copepoda,  Cirtipedia,  and  Isopoda*  The  barnacles  are  the 
only  sessile  crustaceans. 

Histoty.'^Crabs  and  other  decapods  have  been  known  and  used  for 
food  from  time  immemorial.  They  were  first  described  by  Aristotle  who 
calls  them  Malacostraca  or  soft-shelled  animals  in  contradistinction  to  the 
hard-shelled  moUusks.  LinnsBus  placed  them  among  the  Inaecta  aptera. 
The  lower  crustaceans  were  seen  by  the  earlier  microecopists,  but  very 
little  studied  or  understood  until  the  time  of  0.  F.  Miiller,  who  in  1785 
brought  together  a  large  nmnber  and  called  them  Entomoatracaf  or  insect- 
like  crustaceans.  Cuvier,  Latreille,  and  Lamarck  in  the  first  years  of  the 
new  century  introduced  the  term  Crustacea  to  include  aU  crustaceans, 
although  the  term  had  already  been  used  as  a  eynonym  of  Malacostraca, 
The  creation  of  the  various  orders  of  crustaceans  is  largely  due  to  Lar 
treille,  who  introduced  the  names  Branchiopoda,  Isopoda,  Amphipoda, 
Decopoda,  and  Phyllopoda.  Mihie-Edwards  formed  the  order  Copepoda, 
and  Burmeister  introduced  the  terms  Arthroatraca  and  Thoracoatraca. 

American  crustaceans  have  attracted  many  able  investigations  from 
the  time  of  Thomas  Say  in  the  first  quarter  of  the  last  century  to  the  pres- 
ent time.  In  1852  appeared  the  Cruatacea  of  the  WiUcea  Expedition,  by 
James  Dwight  Dana,  which  was  one  of  the  most  important  zoolog^ical 
works  of  the  day.  This  and  the  works  of  Say,  Stimpson,  S.  I.  Smith, 
and  others  form  the  groundwork  of  our  present  knowledge  of  American 
forms. 

The  class  contains  about  16,000  species,  grouped  in  2  subclasses. 

Key  to  the  subclasses  of  Crustacea: 
Hi  Small,  often  minute  crustaceans  without  abdominal  appendages. 

1.  ENTOVOSTBikCA 

0|  Larger  emstaceana  usually  with  abdominal  appendages.  ..2.  Malago8TBA.Ga 

Subclass  1.    ENTOMOSTRACA. 

Small  crustaceans,  the  majority  of  which  are  under  a  centimeter  in 
length;  somites  variable  in  number;  head,  thorax,  and  abdomen  usually 
distinctly  marked,  but  in  many  the  head  and  one  or  more  thoracic  somites 
are  fused  together,  forming  a  cephalothorax ;  body  either  elongate  with 
distinct  segmentation  or  much  shortened  and  enclosed  in  a  chitinous  shell 
called  the  carapace;  parasitism  has  produced  great  changes  in  the  form 
of  many  entomostraceans  so  that  all  semblance  of  the  crustacean  form  is 
often  lost ;  appendages  confined  to  the  head  and  the  thorax,  5  pairs  beings 
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eephalie  and  the  thoraeic  appendages  varying  in  number  from  2  pairs 

to  60:  4  orders  with  about  4,800  species. 

Key  to  the  orders  of  Entomoatnaea: 

Oft  Free  swimming  or  parasitic  on  fish  (rarely  on  other  animals) . 
hg  Thoracic  appendaaes  flattened  and  leaf-like;  body  either  elongate  and 
segmented  or  short  and  more  or  less  covered  with  a  carapace. 

1.  PHTLLOFOnA 

hg  Body  either  elongate  and  segmented  with  cylindrical  thoracic  appendages, 

or  greatly  modified  when  the  animals  are  parasites 2.  Copefoda  * 

&B  Body  short  and  wisegmented  and  entirely  enclosed  in  a  bivalve  cars- 

pace 3.  Obtraooda« 

«9  Body  sessile  and  enclosed  in  a  calcareous  shell  (barnacles)  or  parasitic 

on  decapods  or  moUusks. A   nisMiPfniA 

Obdsb  L    PHTLLOPODA.* 

nioracie  appendages  flat  and  leaf -like,  as  the  name  indicates,  being 
organs  of  respiration;  body  either  long  and  vermiform  and  composed 
of  numerous  segments  or  short  and  compact  and  unsegmented;  carapace 
nsnally  present;  parthenogenesis  common,  the  usual  eggs  being  relatively 
small  and  thin-shelled  and  called  summer  eggs;  at  the  approach  of  a 
period  of  drought  or  cold  males  are  bom  from  the  parthenogenetic  eggs 
which  fertilize  the  females,  land  the  eggs  which  these  then  lay  are  large 
and  thick-shelled  and  called  resting  or  winter  eggs,  and  are  capable  of 
enduring  the  winter's  cold  or  the  summer's  drought,  if  need  be:  2  sub- 
orders and  more  than  600  species,  most  of  them  being  fresh-water  animals, 
living  in  pools,  lakes,  and  streams  containing  the  minute  algae  which  form 
their  principal  food. 

Key  to  the  suborders  of  Phyllopoda: 

Oi  Body  elongated  and  distinctly  segmented 1.  Bbanghiofoda^ 

«B  Body  short  with  indistinct  segmentation  or  without  any,  and  usually  with 

a  bivalved  carapace 2.  Clasooera 

SuBom)ER  1.    BRANCHIOPODA.t 

Elongated  phyllopods  with  numerous  distinctly  marked  segments,  and 
either  with  or  without  a  carapace;  the  young  bom  as  nauplii:  several 
families  and  over  100  species,  which,  with  a  few  exceptions,  live  in  fresh 
water. 

Key  to  the  families  of  Branchiopoda  here  described: 

Oi  Carapace  absent. 1.  Bbaitchipodidae 

a.  Carapace  present. 

hi  Carapace  flattened  dorsoventrally  and  arched 2.  APOomAB 

hg  Carapace  compressed  laterally 3.  Limnadiidab 

*  flee  "Die  SfiBSwaiserfaiina  Dentschlands/'  Heft  10, 1900. 

t  See  *'Pbyllopod  Crustacea  of  North  America,"  by  A.  S.  Packard,  12th  Ann.  Rep« 
U.  8.  OeoL  Sur.  of  the  Ter.,  1878  (1883),  pt.  11,  p.  294. 
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Family  1.    BBANCHIPODIDAE. 

Body  elongate,  being  composed  of  many  segments  and  without  cara- 
pace; head  distinctly  set  off;  first  antennae  filiform;  second  antennae  of 
male  used  for  clasping  the  female,  being  very  large  and  composed  of  2  elon- 
gated segments  and  with  or  without  extra  frontal  appendages  between 
them;  thoracic  segments  and  appendages  mostly  11;  abdominal  segments 
8  or  9  in  number;  2  stalked  eyes  present;  a  pair  of  egg  sacs  extend  from 
the  last  thoracic  segment  of  female:  8  genera;  the  animals  live  in  fresh 
and  salt  pools  and  swim  on  their  backs. 

Key  to  the  genera  of  Branchipodidae  here  described : 

Oi  Frontal  appendages  present. 

&i  Frontal  appendages  simple  in  form 1.  Bbanchifus 

&a  Frontal  appendages  branched 2.  Ghibocefhalus 

a.  Frontal  appendages  absent. 

6i  Abdomen  with  8  segments 3.  Artemia 

6t  Abdomen  with  9  segments 4.  Bhanghinbcta 

1.  Bkanchifvb  SchaefTer.    Beweep  the  second  antennae  of  male 
are  2  onbranched  frontal  appendages;  abdomen  consisting  of  9  segments 

I 

% 


3  • 

I 


Big.  607  Fig.  508 


Fig.  507 — Branchipus  vemaUs — male  (Packard).  1,  first  antenna;  2,  second 
antenna;  3,  frontal  appendage.  Fig.  508 — CMrocephalua  holmani — ^front  view  of 
bead  of  male  (Packard).  1,  eye;  2,  first  antenna;  3,  second  antenna;  4,  frontal 
appendage. 

and  2  long  caudal  projections  which  have  setose  margins:  2  American 
species. 

B.  yemalis  Verrill.  The  fairy  shrimp  (Fig.  507).  Body  semi- 
transparent  and  pinkish  in  color;  length  23  mm.;  frontal  appendages 
broad  and  fiat:  eastern  North  America,  in  fresh-water  pools  during  the 
spring,  autumn,  and  winter,  passing  the  summer  as  resting  e^^s;  often 
conmion,  but  sporadic. 

2.  OsxBOOEBHALUS  Pr^vost.  Between  the  second  antennae  of  male 
2  very  long,  branched,  and  coiled  frontal  appendages;  abdomen  con- 
sisting of  9  s^ments  and  with  2  long,  broad  caudal  projections  with  setose 
edges:  1  American  species. 

0.  holmani  Ryder  (Fig.  508).  Body  slender,  15  mm.  long:  eastern 
North  America  (Philadelphia,  Long  Island). 
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3.  AxTZKiA  Leaeh.  No  frontal  appendages  present;  second  joint  of 
second  antennae  flat  and  triangular;  abdomen  of  8  segments  and  with  2 
very  short  caudal  projections;  egg  sac  short:  several 

species,  all  in  salt  pools  and  lakes ;  2  American  species. 

A.  gradliB  Verrill  (Fig.509).  Bod^  semitranapar- 
ent,  pink  or  green  in  color,  10  mm.  long:  eastern  and 
central  North  America,  as  far  west  as  Qreat  Salt  Lake. 

A.  frandscuia  Kellogg.  Body  translucent  whitish 
or  doll  brick  red  in  color  and  slender;  length  13  nun.; 
caudal  appendages  with  setose  edges:  California. 

4.  BHAxoHDrxoiA*  Verrill.  No  frontal  append- 
(tges  between  second  antennae,  the  second  joint  of 

,  which  is  simple  and  slender;  ab-         i..,?lf'^..,,,. 

domen  of  9  segments;  egg  sac  i/iStl'^Jia 
long  and  slender:  3  species,  in  the  a,  BMODd  Mtennm 
western  states. 

B.  coloradensls  Packard  (Fig.  510).  Length  18 
mm.;  second  antennae  large,  and  broad  and  bent  in, 
and  not  serrate:  very  common  in  Colorado. 

Fakilt  2.    APODIDAE. 
Body  elongate  and  composed  of  many  segments, 
and  with  an  oval,  low-arched  carapace  covering  the 
head  and  thorax;  eyes  sessile;  first  antennae  short  and 
filiform  with  2  or  3  flagella;  second 
antennae  minute  or  wanting  in  the 
adult;  40  to  60  pairs  of  broad  feet,  the  first  pair  end- 
ing with  3  long,  slender  branches,  the  eleventh  pair 
forming  egg  capsules  in  the  female;  2  long  caudal 
bristles;  larva  a  nauplius:  2  genera;  in  fresh  water. 
Am    Scbaeffer    (Triopa    Schrank).      With    the 
characters  of  the  family:  about  4  American  species, 
all  in  the  western  states. 

A.  lucaaaniu  Packard  (Fig.  511).  Telson  with 
3  central  spines;  length,  with  caudal  bristles,  41  mm.: 
western  America,  abundant  in  Kansas. 

Pamilt  3.    LIMNADIIDAE. 
Body  elongate  and  entirely  enclosed  in  an  oval  laterally  compressed 
carapace,  which  gives  the  animal  the  appearance  of  a  bivalve  mollnsk; 

.,  bj  R.  L.  Sbaatt, 
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vyes  sesnie  And  close  t<%ether;  first  antennae  minute,  second  la^e,  witb 
2  termin&l  branches;  18  to  28  pairs  of  broad  feet,  the  first  or  the  first 
and  second  pairs  being  prehensile  in  the  male :  in  fresh  water,  differing 
from  the  Cladocera  and  Oatraeoda  in  being  much  larger  and  in  having 
diBtinct  segmentation  and  more  appendages  and  an  abdomen  vhich  is  nirt 
bait  onder  the  tborax;  about  5  genera. 

Ee;  to  tbe  genera  of  Limnadiidae  here  described : 

a,  Lines  of  srowtb  on  shell ;  24  pairs  of  fe«t 1.  Ctzicds 

a.  No  Unes  ol  growth :  10  to  12  pairs  of  feet 2.  LiHitma 

1.  Otziotts  Audouin  {Eathe- 
ria  Ruppell).  Shell  oval  and 
opaque,  amber-colored ;  body 
rather  thick;  head  with  a  long 
narrow  rostrum;  about  24  pairs 
of  flat  feet,  the  first  two  pairs 
twing  prehensile  in  tbe  male: 
numerous  species,  about  8  in 
America,  all  in  tbe  West. 
Illg.012-O*rto«»m<,r.rt(Pactaca).  0.  morsei    (Packard)    (Fi^. 

512).    Shell  12  nun.  long,  S  nun. 

hi^,  and  6  mm,  across;  the  two  branches  of  second  antennae  with  17 

and  16  joints  each:  widely  distributed  throughout 

the  central  and  western  parts  of  the  country. 

8.  LnoTBTlS  Lov^n.   Shell  oval  or  spherical,  witb 

no  Unes  of  growth ;  head  with  a  large  rostrum ;  11  or 

12  pairs  of  feet,  the  first  pair  being  prehensile  in  the 

male;  eggs  carried  in  a  dorsal  brood  chamber:  4 

species  in  America. 

L.  (onldl  Baird  (Fig.  613).    Body  rather  thick;      Ftg.'sis— u««fti* 

second  antennae  with  16  segments  m  each  branch; 

length  of  shell  3  mm.;  breadth  2.5  mm.;  color  pink;  eyes  black:  eastern 

and  central  America,  westward  to  the  Mississippi. 

SuBOBOEB  2.    CLADOCBEA.* 

Water  fleas.  Body  usually  short  and  compact,  without  s^fmenta- 
tion,  and  enclosed  in  a  bivalve  carapace;  4  to  6  pairs  of  thoracic  ap- 
pendages; flrat  pair  of  antennae  often  minute,  second  pair  very  lai^ge, 

•  Bee  "Hotea  on  Cladocera,"  b;  B.  A.  Blrge.  Tram.  Wis.  Acad.,  Vol.  4,  18T8. 
"Uat  of  CruiUceB  Cladocen  from  Hadtwn,  Wl>,."  b;  same,  ditto,  ToL  8,  1891. 
"Notea  OD  Cladocera,"  by  nine,  ditto,  Vol.  B,  ISaS.  "Sjnopila  of  tbe  BntO- 
moitraca  of  Mlnneaoti,"  etc.,  by  C.  L.  HerrJck  and  C.  H.  Turner,  Second  Bop.  of 
State  Zool.,  1SS5.  "Tbe  Cladocera  of  Nebnaka,"  b;  Cbarlea  Fordyce,  Stud,  trom  tb* 
Eool.  Lab.  of  the  TJnW.  of  Neb.,  Mo.  49,  1601. 


FSYLLOFODA  333 

with  the  two  brunches  (exopodite  and  endopodite)  prominent,  and  used 

for  swinuning;  abdomen  small  and  usually  bent  under  the  thorax;  2 

large  compound  eyes  which  in  many  species  unite  to  form  a  single 

median  eye;  a  large  dorsal  brood  sac  in  the  female  in  which  the  eggs 

develop,  the  young  animals  being  born  with  the  form  of  the  parent; 

the  winter  eggs  are  often  provided  with  an  extra  shell  called  the  ephip- 

pitun,  consisting  of  2  chitinous  plates,  like  watch  crystals,  whose  edges 

fit  together,  one,  two,  or  more  eggs  being  in  a  single  ephippium:  about 

8  families  and  several  hundred  species,  most  of  which  live  in  fresh  water. 

Key  to  the  families  of  Cladocera  here  described : 

Oi  Carapace  endosing  the  entire  body. 
hx  One  branch  of  second  antennae  with  2  segments,  the  other  with  3.1.  Sididae 
ht  One  branch  of  second  ^tennae  with  3  segments,  the  other  with  4. 

Ox  First  antennae  minute 2.  Daphnidae 

Ci  First  antennae  long  and  beak-like 3.  Bosminidae 

\  Both  branches  of  second  antenna  with  3  segments 4.  Ltnceidae 

Ob  Carapace  not  enclosing  the  legs  and  the  abdomen. 
hx  Abdomen  curved  and  rudimentary ;  4  pairs  of  legs ;  fresh  and  salt 

water  5.  Poltphemidae 

Jft  Abdomen  straight  and  very  large ;  6  pairs  of  legs 6.  Leptodobidae 

Family  1.    SIDIDAE. 

Head  large  and  separated  from  the  body  by  a  depression  and  usually 
with  a  beak;  first  antennae  one-jointed,  but  long  in  the  male,  with  a 
long  terminal  flagellum;  second  antennae  very  long,  the  two  branches 
having  2  and  3  segments  respectively;  6  pairs  of  legs;  heart  elongate 
and  intestine  straight,  without  liver  sacs:  several  genera. 

"Key  to  the  genera  of  Sididae  here  described : 

§1  Dorsal  branch  of  second  antennae  three- jointed 1.  Sida 

Of  Dorsal  branch  of  second  antennae  two- jointed. 

hx  First  joint  of  second  antennae  with  a  long  side  branch 2.  Latona 

ht  No  such  side  branch 3.  Daphnella 

1.  SiDA  Straufl-Diirkheim.    Ventral  branch  of    v      |  _       t 
second  antennae  with  2  segments;   dorsal  branch 
with  3  segments;  beak  distinct:  several  species. 

8.  crystallina  (0.  F.  MiiUer)  (Fig.  514).  SheU 
elongate  with  rounded  ends;  first  antennae  in  male  t         f    '3 

long,  short  in  females ;  body  colorless,  sometimes        Fig.  Slir—Sida  orys- 

..,    ,  J         J  ui  1.       1      _Lt.  o  •         tallina    (SUssw.    P. 

With  brown,  red,  and  blue  spots;  length  2  mm.:  in     Dent.),    i,  second  an- 

clear  lakes;  often  widely  distributed;  often  com-     na;   i,  abdomen;   4^ 

n  brood  sac 

mon;  Europe. 

2.  Latova  Straus-Diirkheim.  Ventral  branch  of  second  antennae 
with  3  segments,  dorsal  branch  with  2  segments,  the  first  segment  having 
a  long  side  branch:  1  species. 


334  CRUSTACEA 

L.  aatifara  (0.  P.  Hiiller).    Body  and  appendages  very  aetcee;  color 

yellowish,  often  with  spots;  length  3  mm.:  among  weeds  in  clear  lakes; 

widely  distiibuted;  Europe. 

3.  Daphhzij^  Baird.     Ventral  branch  of  second 

vith  3  segments;  dorsal  branch  2  segments; 

beak  absent;  no  teeth  on  the  abdomen;  first  antennae 

Fig.  BIB  Rhort  in  female:  several  species. 

DaphneOa  _  , 

braoA^ora  D.  bracnynra  (Lievm)  (Pig,  515),    Length  ,7  mm.: 

1, meond BDteuna      in  dear  water:  widely  distributed;  Europe. 
2.  BntaDteDDa  j  i~ 

Fakily  2.  DAPHNIDAE. 
Body  oval;  bead  rounded,  usually  with  a  short  beak;  first  antennae 
usually  minute,  consistuig  of  a  single  segment;  the  2  branches  of  the 
second  antennae  consisting  of  3  and  4  segments  respectively;  5  pairs  of 
legs,  the  last  pair  separated  from  that  next  to  it;  intestine  not  coiled 
and  with  a  pair  of  liver  sacs :  about  12  genera. 
10 


It 
Fig.  Bia — DapTMia  pulem  (Klusaler).     1,  flrat  antenna ;  2,  Kcond  aDtcDna ;  3,  eje ; 
4,  optic  gangUoa;  6,  bratn  i  6.  liver  sac;  T,  IntesUne ;  8,  Udnej ;  9.  beart;  10,  brood 
sac  with  two  egxB;  11,  abdomen;  12,  aaas;  13,  ovar; ;  14,  legs;  IB,  moatb  ;  16, 
eiopodite;  IT,  enaopodlte. 

Key  to  the  genera  of  Daphnidae  here  described : 
a,  Head  terminating  ventraU;  in  a  beak, 
b,  Head  not  separated  from  bod;  bj  a  doiaal  uotcb ;  shell  with  a  caudal 

■pine  et  the  apper  posterior  angle 1.  Daphhia 

b,  Soch  a  notch  present. 
0,  Shell  abruptl;   tmncated   behiad,   with   a   abort  spine  at  the   lower 

posterior  angle 2.  Scapbch^bkbu 

c.  Shell  rounded  below,  with  a  blunt  spine  above 3-  SiKOCEPHALns 

a.  No  beak,  or  a  rudimentary  one,  present 

hi  At>domen  aot  enclosed  by  shell 4.  Moina 

b.  Shell  enclosing  the  whole  abdomen B.  CKuoDAPHtru 

1.  Dafhvu  0.  F.  Hiiller.  A  sharp  caudal  spine,  extending  from 
the  upper  posterior  angle  of  shell ;  head  not  separated  from  the  body  by 
a  doraal  notch:  about  50  species. 

D.  mlnpwt'a*'!!  Herrick.  Caudal  spine  less  than  half  the  length  of 
the  shell ;  general  form  oval,  tapering  behind ;  length  1.8  mm. ;  a  project- 
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ing  spur  present  on  the  dorsal  margin  of  the  head,  which  in  males  and 
young  females  has  from  1  to  4  sharp  teeth:  Wisconsin  and  Minnesota. 

D.  pnlex  DeGeer.  The  common  daphnia  (Fig.  516).  Body  oval, 
often  reddish ;  a  prominent  beak  on  the  under  side  of  the  head ;  length  2 
mm.  or  more :  very  common  and  widely  distributed  in  America  and  Europe. 

D.  hyalina  Leydig  (Fig.  517).  Body  oval;  caudal  spine  almost 
as  long  as  body;  head  extended  forward  in  a  helmet-like  crest  but  very 
variable  in  shape  and  size;  length  1.8  mm.:  widely  distributed  in  this 
country  and  Europe. 

2.  SoAFEOLEBEBZS  Schodler.  Body  short  with  a  truncated  hinder 
end  from  the  lower  margin  of  which  a  pair  of  caudal  spines,  which  are 
sometimes  very  short,  extend  backwards:  6  species. 


Fig.  510 


Fig.  517 — Daphnia  hyalina  (Herrtck).    Fig.  618 — SoapholeherU  muoranata  (Herrick). 

-       -"      "-  }hi-  ■       -'-" 


Fig.  517    '^^  "*  Fig.  518 

ia  hi 
Fig.  519 — Bimocephalus  vetulut  (Sttssw.  F.  Deut.). 

8.  mucronata  (O.  F.  Miiller)  (Fig.  518).    Spines  short;  color  dark; 
leng^th  .8  mm.:  common  in  eastern  America  and  in  Europe. 

3.  SzxoosfHALVS  Schodler.    Body  obliquely  truncate  behind,  with- 
out a  caudal  spine;  abdomen  with  2  dorsal  processes:  8  species. 

8.  yetolns  (0.  F.  Miiller)  (Fig.  519).  Body  large,  short,  and  high ;  head 
rounded  in  front,  2.5  mm.  long:  common  in  eastern  America;  Europe. 

8.  Bermlatna  (Koch).    Head  narrow,  extending  forwards  sharply; 
length   2    mm.:    central    United 
States;  Europe. 

4.  MonrA  Baird.  Head  with- 
out beak;  first  antennae  long;  the 
end  of  the  abdomen  not  covered 
by  the  shell;  pigment  spot  (acces- 
sory eye)  absent:  about  10  spe- 
cies; in  muddy  swamps,  often  in 
impure  water. 

M.  brachiata  (Jurine)  (Fig.  520).  Body  almost  as  high  as  long, 
greenish  in  color;  1.3  mm.  long:  eastern  America;  Europe. 

5.  Oebxobapehia  Dana.  No  beak  present;  first  antennae  short; 
head  rounded;  shell  oval  or  circular,  and  reticulate:  about  20  species; 
often  in  foul  water. 

0.  reticulata  (Jurine).  Claws  of  abdomen  dentate;  length  .8  mm.: 
eastern  and  central  America;  Europe. 


Fig.  520 — Maina  hracMaia  (Herrick). 
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Familt  3.    BOSHINIDAE. 
First  sntennae  ^reatl^  elonKftted  and  esteniliiig  from  the  beak  fonns 
a  long  curved  proboecis;  5  pain  of  feet  and  radinwnta  of  the  sixth; 
second  antennae  small;  pigment  spot  (actiessor;  eye)  wanting;  intestino 
Btraight  and  without  liver  sacs:  1  genus. 

BonnXA  Baird.    With  the  characters  mentioned  above:  about  20 
species;  mostly  bottom  forms. 

B.  longiroatils  (0.  F.  Muller)   (Fig.  521). 
Shell  oval  with  hexagonal  markings  and  with 
S      a    caudal    spine    projecting    from    the    ventral 
margin;  length  .35  mm.:  very  eommon  in  east- 
ern and  central  America;  Europe. 
Pig  B21  Faiolt  4.    LTNCEIDAE. 

^'^"(Herrt'S'r"^  Second    antenna©    small,    each    branch    of 

'  BntEnnB*-""! '  egg"°in'*       each    consisting   of   3    segments;    pigment   spot 
thB  brood  gac.  (accessory  eye)   very  large;   intestine  bent  or 

coiled  and  usnally  without  liver  sacs:  the  largest  cladoceran  family, 
containing  about  20  genera. 

Key  to  the  genera  of  Lynceidae  here  described : 

0,  lotestiiie  not  coiled  or  bent 1.  BUBTCBBCDB 

a,  Intestliie  coiled. 

b,  A  donal  keel  on  head 2.  Acaopnua 

&,  No  kecL 

(^  Body  oval  or  elongate, 
di  Outer  margin  of  poat-abdomen  concave  in  outline;  second  antennae 

with  7  Ions  setae 3.  GaAFTOijcmtKU 

d,  Oater  margin  of  post-abdomen  straight 

Bi  Terminal  claw  ol  abdomen  with  1  basal  ipine 4.  AnoHA 

e.  Two  basal  spines  present 6.  pLXCBOXtTS 

c.  Body   globular ;   animals  minute 6.  Ghtdobds 

1.  EraTOEBOirs  Baird.  Body  large  and  oval  with  short  antennae; 
intestine  hent  like  an  S  and  with  liver  sacs:  1  species. 

E.  lamellatos  (0.  F.  Miiller)  (Fig.  522).  Body  very  large,  bein; 
sometimes  3  nun.  long;  hinder  side  of  the  abdoman  serrate:  central 
states;  Europe. 

2.  AOBOTESiTB  Baird.  Body  minute,  elon- 
gate, with  a  long,  broad  abdomen;  head  and 
back  with  a  keel;  shell  with  diagonal  mark- 
ings; intestine  coiled:  3  species. 

A.  lurpa*  Baird  (F^.  523).  Body  truncate 
behind:  length  .7  mm.:  widely  distributed  over      Tig. 682— gwiroBrow Iw— >- 

^  r       .      1  .  t;.  T*'«*  <  8a«w.  F.  Dent.) . 

eastern  and  central  America;  Europe;  common. 

3.  O&APTOL&BBaiB  Sars.  Body  minute,  elongate;  posterior  margin 
straight;  second  antennae  with  7  long  setae:  1  species. 
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O.  tMtsdliUTiA  (Fischer)  (Fig.  524).  Length  .7  mm.;  Bh«U  retica- 
lato:  eaatem  &ud  eentral  America;  Enrope. 

4.  AlX»A  Baird.  Bod;  minute,  more  or  lees  oral  or  rectanf^lsr 
in  form,  with  small  antennae,  the  second  having  8  setae;  with  a  coiled 
intestine:  numerotis  species,  which  are  vety  variable  in  form. 

A.  ftiiadraiigiitoris  (0.  F.  Muller)  (Fig.  525).  Body  oral  or  qiiad- 
rangnlar;  pigment  spot  smaller  than  eye,  abdomen  very  broad  and  short; 


^     ^^WUU^""-^ 


Fix.  S2S  PiB.  624  Fig.  D20 

Fig.  &2S — iorppernu  harpae  (Herrick).    Fig.  .124 — (/rapid Ia&«ri«  tMliHUnaHa  (SOuw. 

F.  Dent.).    Fig.  52(i — iUma  tuadrangutarlt  (SQaiw.  F.  Dent.). 

shell  smooth  and  yellowish  in  color;  length  .9  nun.:  widely  distributed 

over  eastern  and  central  America;  Earope. 

6,  PiXDKOXua  Baird.  Front  end  of  bead  long  and  pointed,  forming 
a  beak;  shell  with  an  arched  dorsal  edge;  intestine  coiled:  niunerous 
species. 

P.  procoTVU  Birge  (Fig.  526).  Hinder  mai^in  of  shell  dentienlate; 
beak  carved  upwards,  forming  a  hook;  length  .6  mm.:  eastern  and 
eentral  America. 

8.  OHTSOBm  Leach.  Body  minute,  spherical,  with  a  long  curved 
beak;  antennae  short;  intestine  coiled:  8  species. 


Fig.  Bse  Fig-  GZT 

■"      -'-        -  ■  CHerrlck).     Pig. 

,r I  pedicHliM  (SQiBW. 

2,  lecoDd  anteima ;  3,  brood 


1  (0.  F.  Muller)  (Pig.  527).  Shell  reticnl^ted;  jngment 
spot  almost  as  large  as  the  eye;  color  yellowish;  length  .4  mm.;  widely 
distributed  over  eastern  and  central  America;  Europe. 
Pamilt  6.  POLTPHBMIDAB. 
Carapace  not  enclosing  the  legs  and  abdomen,  and  servir^  only  as 
»  brood  sac;  4  pairs  of  legs  which  lack  the  flattened  respiratory  pro- 
jections of  other  Phyllopoda;  abdomen  slender,  with  2  long  caudal 
spines;  head  very  large,  with  a  single  large  eye  and  large  second  anten- 
IMS;.!  genera. 
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Key  to  the  genera  of  Polyphemidae  here  described : 

Oi  Fresh-water  animals 1.  Poltfhsiixts 

a.  Marine  animals 2.  EvADins 

5i  Head  and  thorax  continuous  dorsally. 

&i  Head  and  thorax  separated  by  a  notch 3.  Podon 


Fig.  529 


Fig.  530 


Fig.  529 — Evadue  nordmanni  (Sharpe). 

A,  female ;  B,  male. 
Fig.  530 — Podon  leuokarti  (Sharpe). 


1.  PoLTPEEmre  0.  F.  Miiller. 
Head  separated  from  thorax  by  a 
dorsal  depression:  2  species. 

P.  pwUculiifl  (L.)  (Fig.  528). 
^y^^^  ^KH/i/'^j      Length  1  mm.;  body  highly  colored 

jHT  ^^^^>  f^  «1Wkc^-^  ^^^  transparent :  usually  in  deep  lakes 
•vH^"'^  JA^  and  rivers;  a  back-swimmer;  widely 

distributed   throughout  America  and 

Europe. 

2.  EvADNX  Lov^.  Head  and 
thorax  not  separated  by  a  dorsal  depression;  brood  sac  very  high; 
antennae  small:  3  species;  marine. 

E.  nordmanni  Lov.  (Fig.  529).  Outer  branch  of  third  pair  of  legs 
with  a  single  spine;  length  1.15  nun.  or  less;  colorless:  very  common 
along  the  Atlantic  coast. 

3.  PoDOH  Lilljeborg.  Head  and  thorax  separated  by  a  dorsal  depres- 
sion: several  species;  marine. 

P.  lenckarti  (Sars)  (Fig. 
530).  LfCngth  1  mm.;  both 
branches  of  the  second  an- 
tennae with  6  bristles  each: 
common  along  the  Atlantic 
coast  occurring  with  the  pre- 
ceding; Europe. 

Family  6.    LEPTODOBIDAE. 

Shell  rudimentary  and  not  covering  the 
legs  or  the  long,  segmented  abdomen;  6 
pairs  of  cylindrical  legs,  the  first  pair 
being  much  larger  than  the  others;  2  ter- 
minal claws  on  the  abdomen:  1  genus. 

Leptodo&a  Lilljeborg.  With  the 
characters  mentioned  above:  1  species. 

L.  byalina  Lillj.  (Fig.  531).  Body  elongate;  first  antennae  small 
in  female,  but  veiy  long  in  male;  length  9  mm.;  transparent:  in  clear 
fresh-water  lakes  in  America  and  Europe;  it  comes  to  the  surface  usually 
only  on  dark  nights. 


Fig.  631  —  Leptodora 
hvaUna.  1,  first  anten- 
na ;  2,  second  antenna ; 
3,  shelL 
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Order  2.    OOPEPODA.* 

Body  elongated,  the  thorax  and  abdomen  being  usually  distinctly 
segmented,  and  made  up  of  15  somites,  5  of  which  are  united  to  form  the 
head  and  5  form  each  the  thorax  and  the  abdomen.  The  head  and  thorax 
together  form  the  cephalothorax.  In  many  forms  fusion  takes  place 
between  the  head  and  the  first  thoracic  somite,  or  between  the  fourth 
and  the  fifth  thoracic  Smites,  so  that  but  4  free  thoracic  segments  are  then 
present.  The  abdominal  somites  are  also  often  united  in  the  female,  the 
first  and  second  invariably.  The  last  abdominal  segment  ends  with 
the  furca,  a  pair  of  terminal  projections  bearing  a  definite  number  of  long 
caudal  bristles.  In  the  parasitic  copepods  the  form  and  structure  of  the 
body  have  often  been  profoundly  changed,  and  all  semblance  to  the  typical 
copepod  form  may  have  been  lost.  Ten  pairs  of  lappendages  are  present, 
5  of  which  are  cephalic  and  5  thoracic.  The  first  pair  of  antennae 
is  uniramose  and  is  longer  than  the  second  and  may  be  used  for  locomo- 
tion; in  the  male  either  one  or  both  of  the  first  pair  are  often  modified 
to  form  clasping  organs.  The  second  pair  is  biramose  (but  occasionally 
uniramose)  and  sometimes  provided  with  prehensile  hooks  and  spines. 
A  poisonous  sting  is  present  in  front  of  the  mouth  in  Argulus,  The 
thoracic  appendages  are  biramose  swiouning  legs  (Fig.  542,6),  which  are 
without  gills.  Except  in  the  PontelUdae  and  the  Argulidae  a  single 
median  eye  is  present. 

The  genital  openings  are  in  the  first  abdominal  segment:  except  in 
the  Argulidae  the  female  carries  her  eggs  in  1  or  2  gelatinous  masses, 
the  so-called  egg  sacs,  which  project  from  the  segment  into  the  water. 
The  young  animal  is  bom  as  a  nauplius. 

More  than  2,200  species  of  copepods  are  known,  of  which  nine-tenths 
are  marine.  About  half  of  these  are  non-parasitic  and  form  one  of  the 
most  important  elements  in  the  plankton,  because  of  their  enormous 
numbers:  they  are  among  the  most  important  scavengers  of  the  sea 
and  form  besides  the  principal  food  of  herrings  and  many  other  fishes. 
The  parasitic  copepods  are  called  fish  lice  and  live  on  the  external  surface 
and  gills  of  fishes  and  occasionally  on  squids  and  other  animals.  The 
order  contains  about  20  families  grouped  in  2  suborders. 

•  See  "Die  fretlebeoden  Copepoden/'  etc.,  by  C.  Clans,  1868.  "Dentschlandi 
freilebende  Sttsswasser  Copepoden/*  by  O.  Schmell,  Blbliotbeca  Zoologica,  1892-1896. 
"Synopsis  of  tbe  Entomostraca  of  Minnesota/'  etc.,  by  C.  L.  Herrldc,  Sec.  Rep.  of 
State  Zool.,  1895.  "Copepoda  of  the  Woods  Hole  Region/'  by  W.  M.  Wbeeler,  Bull. 
U.  S.  Fish.  Com.  for  1899,  Vol.  19,  p.  157.  "Freshwater  Copepoda  of  Mass.,"  by 
A.  S.  Pearse,  Am.  Nat,  Vol.  40,  p.  241,  1906.  "Notes  on  Marine  Copepoda  of  R.  I./' 
by  L.  W.  Williams,  Am.  Nat.,  Vol.  40,  p.  639,  1906.  "Sdsswasserfauna  Deutschl./' 
Heft  11,  1909.  "Notes  on  the  Marine  Copepoda  and  Cladocera  of  Woods  Hole,"  etc., 
l)y  B.  W.  Sharpe,  Proc.  U.  S.  Nat  Mus.,  Vol.  38,  p.  405,  1911. 
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Key  to  the  suborders  of  Copepoda: 

0|  The  female  carries  egg  sacs .1.  Euoofefoda 

Oa  No  egg  sacs  present 2.  Bbanchiuba 

SuBOBDBB  1.    EUCOPEPODA. 

Body  elongate;  mouth  parts  biting  in  the  free  and  sucking  in  most 
of  the  parasitic  forms:  15  families. 

Key  to  the  families  of  Eucopepoda  here  described: 

01  Free-swimming  forms  (with  a  few  exceptions), 
bi  First  antennae  17  to  25-jointed,  being  very  long,  usnally  as  long  as  the 
body;  but  1  egg  sac. 

Ci  First  antennae  prehensile  in  male ;  animals  marine 1.  Cajjuxjdam 

c.  Right  first  antenna  prehensile ;  marine  and  fresh-water  animals. 

di  First  pair  of  legs  normal ;  but  1  eye  present 2.  Centbopagidak 

da  First  pair  of  legs  weak  or  rudimentary ;  3  eyes  usually  present. 

3.  PONTSLXJDAE 

h^  First  antennae  not  more  than  17-jointed ;  usually  2  egg  sacs. 
Ci  Abdomen  markedly  narrower  than  thorax;  2  egg  sacs;  mostly  fresh- 
water animals 4.  Ctclopidab 

c.  Abdomen  not  markedly  narrower  than  thorax 5.  Habpactigidab 

Oi  Parasitic  forms,  but  which  may  usnally  be  free-swimming  at  times. 
5i  Segmentation  distinct. 
Oi  Body  with  the  usual  number  of  segments ;  first  antennae  5  to  7- jointed. 

Ot  Segmentation  indistinct  and  irregular.  iciioasiijdae 

dx  Body  wide  and  flat 7.  CAUomAS 

dt  Body  elongate j 8.  Dichblestiidak 

bt  Segmentation  wanting  or  indistinct  in  the  egg-bearing  female. 

Ci  Legs  rudimentary ;  proboscis  present ;  body  worm-like 9.  Lebivjbidab 

Ot  Legs  rudimentary  or  wanting;   no  proboscis  present;  body  worm- 
like   10.  Ghondbacanthidas 

Cg  Legs  wanting ;  proboscis  present ;  body  thick  and  sac-like. 

11.  Lbbn^oopodidae 

Family  1.    CALANIDAE.* 

Body  elongate;  first  antennae  very  long,  with 

23  to  25  joints,  in  the  male  but  slightly  modified; 

second  antennae  large  and  biramose;  first  4  pairs 

of  legs  biramose,  outer  branch  3-jointed ;  fifth  pair 

A  W       ^      f^  either  like  the  preceding  or  modified  and  unlike 

^  on  the  two  sides;  heart  present;  a  single  egg  sac 

present :  26  genera,  and  over  100  species,  all  marine. 
mar3ii^t^^ieV)X  ^'  Oalaots   Leach.     Thorax   composed    of 

B?"Sla'i"pSrtiSD  oTflftil     either  4  or  5  segments,  the  last  one  being  some- 
pain  of  legs.  times  asymmetrical ;  first  antennae  25  jointed  in 

the  female:  many  species. 
0.  flnmarchicuB  (Gunnerus).  Brit  (Fig.  532).    Length  about  4  mm.; 
color  yellowish  or  reddish,  but  sometimes  absent;  thorax  of  5  segments; 
fifth  pair  of  legs  biramose;  first  antennae  as  long  as  the  body:  New  Eng- 

f  See  "Copepoda/*  by  W.  Olesbrecht  »xid  0,  SqhmeU,  Das  Tlerreich,  1898. 
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land  eoasty  a  widely  spread,  pelagic  species,  sometimes  so  abundant  that 
the  sea  is  colored  yellow  or  red,  and  of  great  economic  importance 
because  it  forms  an  important  source  of  food  of  herring  and  mackerel, 
as  well  as  of  the  Greenland  whale. 

0.  minor  Glaus.  Length  about  1.8  mm.;  thorax  of  4  segments;  fifth 
pair  of  legs  biramose; 
first  antennae  not  as  long 
as  the  body:  Gulf  stream, 
off  New  England,  a  wide- 
ly spread  species. 

2.  Oalooalavvs 
Giesbrecht.  Thorax  of 
female  consists  of  3  seg- 
ments, the  first  somite 
being    fused    with    the 

bead,  and  the  fourth  with 
,_      '  -,,  .,  ,  ,  Fl|(.533 — Calocalanua  pavo  (Wheeler). 

the  fifth  somite;   abdo- 
men of  female  of  2  or  3  segments;  abdomen  of  male  of  5  segments; 
caudal  spines  very  long  and  plumose:  3  species. 

0.  pavo  (Dana)  (Fig.  533).  Abdomen  of  female  of  2  segments; 
caudal  bristles  symmetrical,  branched,  and  spreading;  length  1  mm.; 
body  transparent  and  reddish :  a  tropical  species  which  may  be  found  in 
the  Gulf  stream  off  New  England. 

Family  2.    CENTEOPAGIDAE.* 

Body  elongate;  first  antennae  very  long,  with  23  to  25  joints  in  the 
female;  the  right  one  (sometimes  the  left)  in  the  male  being  prehensile; 
second  antennae  large  and  biramose;  heart  present;  first  4  pairs  of  legs 
biramose,  the  outer  branch  being  3-jointed,  the  inner  branch  1  to  3- 
jointed;  fifth  pair  of  legs  biramose,  often  modified  for  clasping;  a  single 
egg  sac  present :  about  25  genera  and  200  species ;  in  salt  and  fresh  water. 

Key  to  the  genera  of  Centropagidae  here  described : 

Oi  Marine  animals. 
bi  First  antennae  with  24  segments. 

Oi  Thorax  of  5  segments 1.  Centbopageb 

Oji  Thorax  of  4  segments 2.  Temoba 

ft.  First  antennae  with  23  segments 3.  Metbidia 

Of  Both  marine  and  fresh-water  animals. 

6,  First  antennae  with  25  segments;  fifth  feet  biramose. . .  .4.  Limnocaianus 
l.  First  antennae  with  24  segments ;  fifth  feet  uni ramose 5.  Eubytemora 

o.  Fresh-water  animals ;  first  antennae  with  25  segments. 

fti  Fifth  feet  nniramose ;   abdomen  asymmetrical 6.  Epischtjba 

5,  Fifth  feet  biramose ;  inner  branch  of  first  pair  of  feet  2- jointed. 

7.  DlAFTOMUS 

*  See  "The  North  American  Centropagidae/'  etc.,  by  F.  W.  Scbacht,  Bull,  of  111. 
8t  Lab.»  Vol.  5,  p.  225, 1898. 
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Fig.  534 
Oentropagea 

typicus — 

dorsal  aspect 

of  female 

(Wheeler). 


1.  OxvTEOPAOXS  Kroyer.    Thorax  of  5  segments;  abdomen  of  male 
of  5,  of  female  of  4  segments;  first  antennae  with  24  segments;  the  2 

branches  of  all  5  pairs  of  legs  3-jointed:  13  speeies; 
marine. 

0.  typicns  Kr.  (Fig.  534).  Fifth  thoracic  segment 
with  2  lateral  projections;  first  abdominal  segment  of 
female  with  4  thorn-like  bristles;  length  2  mm.;  color 
reddish  or  bluish,  translucent:  coast  of  New  England; 
Europe. 

2.  Texoba  Baird.  Furca  long  and  slender;  lurcal 
bristles  short;  thorax  of  4  segments;  abdomen  of  male  of 
5,  of  female  of  3  segments;  first  antennae  with  24  seg- 
ments ;  the  2  branches  of  the  5  pairs  of  legs  2  to  4-jointed : 
5  species;  marine. 

T.  longicomis  (O.  F.  Miiller) 
(Fig.    535).      Length    1.5    mm.: 
Woods  Hole;  very  common,  especially  in  the 
winter;  Europe. 

3.  Metbidia  Boeck.  Thorax  of  4  seg- 
ments, abdomen  of  male  with  3  segments;  first 
antennae  with  23  segments;  the  2  branches  of 
the  first  4  pairs  of  legs  3-jointed;  of  the  fifth 
pair  2  to  4-jointed  in  female  and  5-jointed  in 
the  male:  10  species;  marine. 

M.  Incens  Boeck  {M.  hibemica  Brady  and 
Robertson)   (Fig.  536).    Length  2.5  mm.:  New 

England  coast;  Europe. 
4.  LncvooALAinni 
G.  0.  Sars.  Thorax  of  5  segments ;  abdomen  in 
female  with  either  3  or  4  segments,  in  male 
with  5;  body  slender;  furca  very  long;  first 
antennae  25- jointed;  all  the  legs  biramose,  both 
branches  3-jointed,  except  the  outer  branch  of 
male,  which  may  be  2-jointed:  3  species;  in 
fresh  and  salt  water. 

L.  macmnu  G.  O.  Sars.  Right  outer 
branch  of  fifth  foot  in  male  indistinctly  3- 
jointed  with  a  hook-like  process  on  second 
segment;  length  2  mm.;  color  hyaline:  cosmo- 
politan; often  common  in  deep  lakes;  Europe. 
5.  EvBTTEXOBA  Giesbrecht.  Thorax  of  5  segments;  abdomen  of 
male  with  5,  of  female  with  3  segments;  first  antennae  about  as  long  as 


Fig.  536— IfetHtfia  I«- 
ceH8  (Wheeler).  A,  dor- 
sal aspect  of  male:  B, 
fifth  pair  of  legs  of  male: 
C.  flrth  pair  of  legs  of 
female. 


Fig.   635 — Temora  Ion- 

Sieomis  (Wheeler).  A, 
orsal  aspect  of  female; 
B,  fifth  pair  of  legs  of  fe- 
male :  C,  fifth  pair  of  legs 
of  male. 
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th«  thorax  and  24- jointed ;  fifth  feet  uniramose:  7  Bpeeies;  in  freab, 
brackish,  and  salt  water. 

E.  hirandoidei  (Nordquist)   (Fig.  537).    Last  thoracic  segment  of 
female  vitb  2  large  projections;  length  1.16  mm.;  tnuisparent,  with  yel- 
low bands:  Golf  of  Mexico  and  its  estaaries,  abundant; 
Boston  and  Narrag&nsett  Bays;  Europe. 

6.  EFisosnA  Forbes.  Thorax  of  5  segments;  abdo- 
men 4-jointed  in  female,  in  male  5-jointed,  aBymmetrieal 
and  with  prehensile  processes  on  right  side;  first  4  pairs 
of  legs  biramose,  the  outer  branch  3-jainted,  the  inner 
branch  1-jointed;  fifth  pair  uniramose,  prehensile  in  male: 
3  species;  in  fresh  water, 

B.  lacmtrls  Forbes.    Length   1.7   mm.;  second   ab- 
dominal segment  as  long  as  the  rest  of  the  abdomen:  in       su^i^Kiora 
deep  lakes;  central  and  western  America.  "('Hll^ldt^ 

7.  DuPTOinrB'  Westwood.  Thorai  usually  of  5  seg- 
ments; abdomen  of  male  with  4,  female  with  3  sepnents;  first  antennae 
with  25  joints;  inner  branch  of  first  pair  of  legs  2-jointed,  outer  branch 
3- jointed;  both  branches  of  legs  2  to  4  are  3- jointed;  fifth  pair  irregular 
in  form,  the  inner  branch  being  often  rudimentary,  the  outer  branch 
OBually  4-jointed  in  the  female,  and  5-jointed  in  the  male:  about  80 
species,  of  which  34  are  American;  in  fresh  water. 


1«  of  female  ;   C,  flflli  lea  o( 
ofboAj  (Herrick)  ;  B,  BRb  Ic 

D.  oreconenBls  Lilljeborg  (Fig.  538).  Body  small,  1.5  mTn.  long; 
first  abdominal  segment  of  female  expanded  and  equal  in  length  to  rest 

■  Bee  "The  North  Am.  Spedes  of  IXaptomoB,"  by  F.  W.  Scbacbt.  Bun.  in.  8t  Lab., 
Tol.  0.  p.  97,  1S9T.  "A  revlsloD  ot  the  North  Am.  Spedei  of  IHaptomiu,"  by  C.  D. 
Harah,  Trans.  Wis.  Acad.  Bel.,  Vol.  IS,  p.  3S1,  190T. 
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of  abdomen;  oephalothorax  widest  in  the  middle:  widely  distributed  and 
common  over  the  entire  northern  part  of  the  country. 

D.  leptopus  Forbes  (Fig.  539).  First  antennae  about  as  long  as  the 
body;  thorax  of  4  segments;  length  1^  mm.;  body  transparent,  with  por^ 
pie  bands,  especially  on  the  terminal  portion  of  the  onteniute  and  the 
abdomen:  common  in  the  central  states. 

D.  Haimiinem  Forbea.  Body  bright  red  and  2  mm.  long;  last  tho- 
racic segments  with  strong  lateral  spinea,  and  a  dorsal  hnmp;  first 
abdominal  segment  with  strong  lateral  spines:  central  and  eastern  United 
States;  common;  it  occurs  only  in  the  early  spring,  in  stagnant  poola. 

D.  minntiiB  Lilljeborg.     Body  small,  1  nun.  long,  and  slender;  thorax 
of  4  segments;  antepenultimate  joint  of  first  ant«iinae  with  a  long  slender 
process;  terminal  hook  of  right  fifth  feet  in  male  broad:  common  in  the 
Great  Lakes  and  widely  distributed  in  northern  America;  Europe. 
Pamilt  3.    PONTELLIDAB. 

Body  elongate,  with  4  thoracic  segments;  first  antennae  very  long, 
the  right  one  in  the  male  being  prehensile;  second  antennae  large  and 


<^ 


Fig.  B40  FIC  641 

FlK.  G4n — TortatHU  »etacatiSatii»  (Wllllami).  A,  donal  upect  of  female;  B, 
■bdamea.  Flf.  041 — ZioUdooem  aittva  (Wlie«ler).  A,  dorsal  aspect  of  fonsle; 
B,  liltb  leg  of  male ;  C,  rlgbt  flftb  leg  ot  temsle. 

biramose;  first  pair  of  legs  weak  or  rudimentary;  heart  present;  median 

eye  and  also  often  paired  eyes  present;  but  1  e^  sac:  10  genera  and 

orer  70  species;  marine. 

Key  to  the  genera  of  Pontellidae  here  described : 

a,  First  aatennae  SS-jointed 2.  L&Bmoona 

a.  First  antennae  17-}ointed. 

h.  The  2  branches  of  the  second  antennae  of  eqca)  length L  ToaramiB 

b.  These  branches  of  oneqaal  length 3.  Acama 

1.  ToxTAVTTS  Giesbrecht.  First  antennae  of  female  17-jointed ;  abdo- 
men of  female  consists  of  2  or  3  and  of  the  nude  of  5  segments;'  tha  2 
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bnnelies  of  the  aooond  antennae  of  about  the  same  length;  1  large  dorsal 
eye  present;  fifth  pair  of  Ic^  muraiiiOBe:  several  species. 

T.  UtacandatM  Williams  (Fig.  540).  Length  of  fem&le  1.4  mm.; 
thonz  of  5  segments ;  fifth  pair  of  feet  2- jointed  in  female  and  3-jointed 
in  nutle:  Narragansett  Bay;  common. 

8.  Labisoocba  Lnbbock.  Thorax  of  4  aeg^nents;  abdomen  of  female 
of  2  or  3,  of  male  of  5  segments;  first  antennae  of  female  of  23  s^mentB; 
eyes  present,  a  dorsal  pair  and  a  rentral  median  eye:  about  14  species. 

L.  MUn  Wheeler  (^.  641).  Lei^  2 
mm.;  body  transparent;  last  thoracic  s^ment 
in  male  sometimes  asymmetrical :  Woods  Hole ; 


3.  AOABTU  Dana.  First  antennae  of  fe- 
male 17-joiDted,  of  uniform  thickness  through- 
out; thorax  of  4  s^ments;  1  large  dorsal  eye 
present;  abdomen  of  female  of  3  segments; 
outer  branch  of  second  antennae  much  shorter 
than  the  inoer;  18  species. 

A.  toiua  Dana.  Length  1.3  nun.;  body 
transparent:  Atlantic  and  Pacific  Oceans; 
often  very  common;  a  widely  distributed 
speeies. 

Paiolt  4.    CTCLOPIDAE." 

Thorax  with  4  free  segments,  first  an- 
tennae usually  about  two-thirds  the  length  of 
the  body,  both  being  modified  in  the  male  to 
serve  as  prdiensile  organs;  second  antennae 
abort  and  uniramose;  first  four  pairs  of  feet 
binmons,  onter  branch  3-jointed,  inner  branch 
1  to  3-jointed;  fifth  pair  of  feet  mdimeutary, 
alike  in  both  sexes,  rudiments  of  a  sixth  pair 
sometimes  present;  heart  absent;  2  egg  sacs 
present :  about  75  species  and  5  genera,  mostly 
in  fresh  water. 

1.  OrOLOWt  0.  F.  Mullcr  (Fig.  542).  Thorax  with  4  free  segments, 
abdomen  with  5  segments  in  the  male  and  4  in  the  female;  first  antennae 

*  See  "A  Ctmtnbatlot)  to  a  Knowledse  of  North  Am.  Frtsb-Water  Cjclopldae,"  by 
■.  D.  TottM,  Bna  IIL  Bt  Lab.,  Vol.  G,  1897. 

t  See  "A  Rerldon  of  the  Nortb  American  aii«etea  o(  Cyclone,"  by  C.  D.  Harah, 
Traoe.  WU.  Acad.  8d.,  VoL  IS.  p.  ]06T,  IB09.  "The  ^Istribotloii  ot  the  Geaiu 
Crelope  la  the  Vicinity  of  HSTcrford,  PemujlTanla,"  b;  Reynold  A.  Spaetb,  Pro«. 
Acad.  Nat.  8cl.,  Vol.  06,  p.  20,  IBll. 


Ftg.  S42  —  Diagram  ot 
Cyctops  {altered  trom 
BUbbw.  F.  Deut.).  1.  Brat 
antenna ;  S,  seeoai  Bnten- 
na;  3,  mandlblee;  4,  flrst 
laaillla;  S,  aecond  roaillla 
(miilUlped)  ;  6,  T.  8,  9, 
the  flrst  foar  pain  of  tbo- 
radc  leei,  each  leg  being 
compoHed  of  a  baul  piece, 
the  pratopodlte,  and  two 
terminal  pieces,  tbe  eiopo- 
dlte  and  endopodlte ;  ID,  tbe 
flftb  pair  ot  thoradc  lega ; 
■■ '      receptacnlnm    aemtnte, 


abdomen ; 


346  CBUSTACEA 

with  not  more  than  17  and  second  antennae  with  4  segments:  over  50 
species,  about  18  being  American,  all  in  fresh  water,  although  some 
species  occur  also  in  brackish  and  even  in  salt  water;  many  sp>ecies  are 
extremely  variable  in  form. 

K^  to  the  species  of  Cyclops  here  described : 

0,  First  antennae  17-jointed. 
hi  First  antennae  not  reaching  the  hinder  border  of  head  segment.. G.  vieedib 
6,  First  antennae  reaching  beyond  this  point. 

Oi  Fifth  feet  with  2  long  plumose  terminal  bristles C.  leuokabti 

Ca  Fifth  feet  with  2  smooth  terminal  bristles G.  bicuspioatus 

c.  Fifth  feet  with  3  terminal  bristles G.  AI.BIDUB 

Ot  First  antennae  12- jointed G.  bebbuiatxts 

Ob  First  antennae  10  or  11-jointed G.  phalkbatus 

0.  lenckarti  Glaus  (C.  edax  Forbes)  (Fig.  543).  Body  slender  and 
1.3  mm.  long;  first  abdominal  segment  very  long,  equaling  the  other  3; 
first  antennae  17-jointed ;  fifth  feet  2-jointed,  the  second  joint  with  2  very 

long   bristles,   the   outer   one 

w  springing  from  the  middle  of 

ia    '"Mniii^^    fc^^      *^®  segment,  the  first  joint  also 

JF  ^  ^SjK'^      ynih,  a  bristle :  very  common 

J^       \  \      j        in  the  Great  Lakes  and  in  all 

^     ^  0    *  C  parts  of  the  country;  Europe. 

Plg.543-C|fcZop.Z<fi.cJfcartt(Stl88w.P.Dent).  ^'     ^^^^^    •^"^^^     (^• 

A,  fur«i  and  f ureal  bristJeB:    B   fifth  544).     Body  1.5  to  6  mm.  long 

foot ;  C,  receptaculum  seminls.  '  ^     .^  .^  ,^  <«««*.  w^e 

and  variable  in  color,  usually 
greenish;  first  antennae  17-jointed  and  very  short,  hardly  reaching  the 
hinder  border  of  the  head;  fifth  feet  2-jointed  with  a  very  broad  basal 
joint,  each  joint  bearing  a  plumose  bristle.  This  species,  which  occurs  also 
in  Europe,  is  usually  the  commonest  one  in  small  ponds  throughout  the 
country.  It  is  extremely  variable, 
the  2  principal  varieties  being  C. 
viridis  var.  brevispinostis  Herrick, 
which  tends  to  the  larger  size,  and 
C.  viridis  var.  americanus  Marsh 
{C.  insecttis  Forbes),  the  smaller         f  ^^  •^      *■  ^ 

and  more  numerous  one.  «.    ...    ^    ,        ,  ,^,  ,«-       «  «>    ^ ,. 

Fig.  544 — Cyclops  vMdio  (Sassw.  F.  Deat.). 

0.    bicnspidatUS     Glaus     (C.  a,  f urea  and  f ureal  bristles;  B,  fifth 

^  foot;   C,  reeeptaculum  seminls. 

pulchelltts  Sars;  C,  forhesi  Her- 
rick) (Fig.  545).  Body  slender  and  1.3  mm.  long;  first  antennae  17- 
jointed;  fifth  feet  2-jointed,  the  terminal  joint  with  2  terminal  bristles; 
f urea  and  caudal  bristles  very  long :  very  common  over  the  entire  country, 
in  lakes  and  rivers,  being  one  of  the  commonest  pelagic  cyclops  in  the 
Great  Lakes;  Europe. 
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O.  albidwi  Jniine  (C.  signatus  Herrick)  (Fig.  546).  Body  1.4  mm. 
long,  and  banded  with  blue  or  green ;  first  antennae  17-jointed ;  fifth  feet 
S-jointedy  the  first  joint  being  longer  than  broad,  the  second  joint  with  3 
terminal  bristles:  common  throughout  the  country  in  clear  lakes;  Europe. 


Fig.  546 

Fig.  545 — Cyclopt  l^iouspidatut  (Sassw.  F.  Deut).  A,  furca  and  farcal  brlstlea; 
B,  flftb  foot;  C.  receptaculum  seminis.  Fig.  546 — Cyclopt  albidua  (SUasw.  F.  Deat.). 
A,  flftb  foot ;  B,  furca  and  furcal  bristles ;  C,  receptaculum  seminis. 

O.  BermlatOB  Fischer  (Fig.  547).  Body  1.4  mm.  long,  rather  opaque; 
first  antennae  12-jointed;  fifth  feet  1-jointed  and  plate-like,  with  3 
terminal  bristles:  very  conmion  everywhere;  Europe. 

0.  phaleratns  Koch  (Fig.  548).  Body  1.2  mm.  long,  brown  in  color 
with  blue  feet;  antennae  10  or  11- jointed  and  very  short,  not  reaching 
beyond  the  middle  of  the  head:  not  common,  but  generally  distributed 
in  shaUow  lakes  and  stagnant  pools;  Europe. 


Tj  1^  ?5 


Fig.  547 


6 
Fig.  548 


Fig.  547 — Cyclops  serrMlaius  (Sttssw.  F.  Deut.).  A,  flftb  foot ;  B.  furca  of  male ; 
C,  receptaculum  semlnls.  Fig.  548 — Cyclops  phaleratus  (Sttssw.  F.  Deut.).  A,  flftb 
foot ;  B,  receptaculum  semlnls ;  C,  furca  and  furcal  bristles. 

2.  OzTHOVA  Baird.  Head  terminating  with  a  beak-like  process; 
abdomen  with  4  or  5  segments;  first  antennae  in  part  indistinctly  jointed 
and  with  very  long  bristles;  second  antennae  2- jointed:  marine. 

0.  similis  Claus.  Beak  bent  down  at  right  angles  to  head;  caudal 
setae  not  plumose;  body  .75  mm.  long  and  usually  colorless:  Woods 
Hole;  Narragansett  Bay;  Europe. 

Family  5.    HABPACTICIDAE. 

Minute,  elongate  copepods  with  a  cylindrical  body,  the  thoracic  seg- 
ments not  being  much  larger  than  the  abdominal;  first  antennae  short,  4 
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to  lO-jointedy  in  the  miale  modified  and  prehensile ;  second  antennae  usoally 

hiramose;  fifth  pair  of  feet  1  or  2-jointed  and  serving  as  egg  support  in 

the  female;  heart  absent;  usually  a  single  egg  sac  present:  about  30 

genera  and  150  species,  mostly  marine,  usually  found  among  vegetation. 

Key  to  the  genera  of  Harpaetiddae  here  described : 

0}  Fresh-water  animals 1.  Oaitthogaicptcb 

Of  Marine  animals. 

fti  The  outer  branch  of  the  first  pair  of  legs  much  longer  than  the  inner. 

2.  Habpacticus 

\  The  inner  branch  longer  than  the  outer 3.  Ectinosoma 

1.  OAHTKOOAXPTTnei  Westwood  (Fig.  549).  Thorax  of  4  segments; 
head  with  a  rostrum;  first  antennae  with  6  to  9  joints,  usually  8  in  the 

female;  abdomen  5-jointed  in  the  male  and  4  in  the 
female:  mostly  in  fresh  water;  about  6  American  species. 
0.  minutns  Claus.  Body  1  mm.  long;  first  antennae 
8- jointed;  legs  3-jointed  in  both  branches,  except  the 
fifth  leg,  which  is  2-jointed:  eastern  and  central  states; 
common,  especially  in  muddy  pools;  Europe. 

2.  Habfacticvs  Milne-Edwards.  Outer  branch  of 
the  first  leg  3-jointed,  almost  twice  as  long  as  the  2-jointed 
inner  branch;  conical  rostrum  present;  third  pair  of  legs 
with  very  strong  outer  branch:  12  species;  marine. 

H.  chelifer  (0.  F.  Miiller).  Length  of  male  1  mm.; 
first  pair  of  legs  with  1  spine,  outer  branch  with  3;  inner 
caudal  spines  longer  than  the  cephalothorax:  Atlantic 
coast;  Europe. 

3.  EoTnroBOKA  Boeck.  First  antennae  5  to  7-jointed; 
first  pair  of  legs  scarcely  smaller  than  the  others  and  with 

the  inner  branch  longer  than  the  outer;  fifth  pair  of  legs  2-jointed:  12 
species. 

E.  cmrticome  Boeck.  Length  .7  mm.;  color  dark  brown;  first  an- 
tennae very  short,  6-jointed:  common  in  Narragansett  Bay;  Europe. 

4.  PABATEaABTES  G.  0.  Sars.  First  antennae  6  or  7-jointed ;  second 
antennae  with  a  1-jointed  outer  branch;  last  pair  of  legs  very  large  in 
the  female,  with  an  expansion  on  the  basal  joint. 

P.  spluericnB  Claus.  Leng^th  .35  mm.;  color  brown:  abundant  in 
Narragansett  Bay;  Europe. 

Family  6.    EBGASILIDAE.* 

Body  more  or  less  cylindrical,  somewhat  like  Cyclops  in  shape^ 
usually  well  segmented ;  first  pair  of  antennae  5  to  7-jointed,  second  3  or 

*  "North  American  Parasitic  Copepods  Belonging  to  the  Family  Brgasllldae/*  by 
C.  B.  Wilson,  Proc.  U.  S.  Nat.  Mus.,  Vol.  89,  p.  263,  1911. 


Fig.  540 

Diagram  of 

Cantho- 

camptua 

( SQssw. 

F.  Dent.). 
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4r-joiiited  and  modified  to  form  k  pair  of  large  hooks  for  prehensile  pnr- 
posee ;  female  carries  a  pair  of  long  egg  sacs  and  is  parasitic,  usually  on 
the  gills  of  fresh-water  fishes:  ahont  10  ge- 
nera and  85  species;  about  15  species  known 
in  America. 

EnQAnLTTB  von  Nordmann.  Cephalo 
thorax  pear-shaped,  fifth  pair  of  legs  rudi- 
mentary: several  species. 

B.  msicolor  C.  6.  Wilson  (Fig.  550). 
Length  1.5  mm. :  parasitic  on  the  gills  of  the 
common  bnllhead  and  three  kinds  of  catfish, 

Fakilt  7.  CALIOIDAE.* 
Bod;  wide  and  flat,  the  segmentation 
being  more  or  less  obliterated  and  the  female 
being  larger  than  the  male;  first  antennae 
short,  with  2  to  3  joints;  second  antennae  in 
form  of  short  hooks;  mouth  parts  form  a 
suctorial  heak;  first  4  pairs  of  l^s  usually 
biramoee    and    facilitate    rapid    swimming; 

fifth  pair  reduced  or       "«■  "V^'SiSSS- "*'**" 

wanting;   2  long  egg 

sacs  with  the  eggs  in  a  single  row  in  each :  about 

35  genera  and  200  species,  which  are  parasitic 

externally  on  fishes. 

Key  to  the  genera  of  CaUgidae  here  described: 

Oi  A  pair  of  snckera  at  froDt  end  of  body.  .1.  CALiatJs 

0,  No  snckera  present 2.  LefbophtheibU8 

1.  OAUen  0.  F.  Miiller.  First  and  fourth 
pairs  of  l^s  uniramose,  second  and  third  bira- 
mose;  body  composed  of  4  parts,  a  cephalothorax, 
a  thorax,  a  genital  segment,  and  an  abdomen;  a 
pair  of  suckers  at  the  base  of  the  first  antennae: 
17  American  species. 

0.  rapax  Milne-Edwards  (Fig.  551).  Free 
thoracic  segment  small  and  narrower  than  the 
genital  s^ment,  which  in  the  female  is  about 
twice  as  wide  as  the  abdomen;  length  of  female 
about    6    nun.:    the    commonest    species,    occnr* 

•  Bee  "Nortb  Aid.  Fanudtlc  Copepoda  BelonglDK  to  tbe  Finillr  Callgldae,"  etc..  br 
C.  B.  WUioD,  Proc  V.  B.  Nat  Has.,  Vol.  38,  p.  479,  IMC ;  ToL  31,  p.  S69,  1»07 ;  ToL 
S3,  p.  323, 1W8. 
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Fig.  652 
Lepeophthei- 
ru9  edicardai 

(Wilson). 


ring  on  the  cod,  flounder^  and  more  than  25  other  kinds  of  marine 
fishes. 

2.  Lepeopkteei&vs  von  Nordmann.  Similar  to  Caligus  bat  witii 
out  the  suckers:  12  American  species. 

L.  edwardsi  C.  B.  Wilson  (Fig.  552).    End  segment 
less   than   half   as   long   as   the   genital   segment   and 
1- jointed;  length  of  female  aboat  7  mm.:  on  flounders 
..       and  other  fish. 

Family  8.    DICHELE8TIIDAE. 

Body  usually  elongated  and  flattenedy  with  segmen- 
tation partially  obliterated;  first  antennae  delicate  and 
usually  many-jointed;  second  antennae  in  form  of  long 
hooks;  hinder  pair  of  legs  usually  reduced:  about  20 
genera  and  60  species,  which  are  parasitic  on  fishes, 
principally  selachians. 

DiCHELESTixm   Hermann.     First  2  pairs   of   l^s 
small  and  biramose,   third  pair  broad  and  plate-like, 
fourth  and  fifth  wanting;  first  antennae  8-jointed:  3  spe- 
cies, in  fresh  and  salt  water. 
D.  storionis  Herm.    Length  2  cm.:  on  the  gills  of  sturgeons;  Vine- 
yard and  Long  Island  Sounds. 

Family  9.    LERNiEIDAE. 

Body  very  different  in  form  at  different  periods;  during  the  breeding 
period  the  animals  swim  about  freely,  and  the  body  consists  of  a  large 
cephalothorax,  a  thorax  bearing  4  pairs  of  biramose  legs,  and  an  elongate 
abdomen;  after  fertilization  the  female  changes  into  an  unsegmented, 
worm-like  creature  with  minute  legs  and  projections  at  the  forward  end 
representing  the  antennae,  and  with  a  pair  of  egg  sacs  projecting  from 
the  hinder  end;  the  front  end  is  imbedded  in  the  body  of  the  fish  on 
which  it  lives:  about  50  species. 

1.  LBliy«CA  L.  The  pairs  of  legs  of  the  swimming  individuals  close 
together;  body  of  egg-bearing  female  twisted  S-shape,  with  a  pair  of 
egg  sacs. 

L.  branchialis  L.  Length  extended,  4  cm.;  egg  sacs  convoluted:  on 
the  gills  of  the  cod  and  other  fishes. 

2.  LSRH&BVIOVB  Lesson.  Legs  of  the  swimming  forms  much  re- 
duced and  close  together;  body  of  adult  female  elongated,  with  long 
egg  sacs. 

L.  radiata  Les.  (Fig.  553).  Length  4  cm.:  on  the  menhaden; 
common. 
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Family  10.    GHONDBAOANTHIDAE. 

Female  without  segmentation  and  with  paired  blunt  projections  rep- 
resenting the  appendages,  with  long  egg  sacs;  male  very  small,  seg^ 
mented,  with  2  pairs  of  legs,  and  attach  themselves  to  the  body  of  the 
female:  about  40  species. 

OnoHDBAOAiTTHTrs  Delaroche.  Second  an- 
tennae form  short,  stout  hooks:  about  20  species, 
parasitic  on  the  gills  of  marine  fish. 

0.  comntna  (O.  F.  MuUer)  (Fig.  554).  Body 
of  female  elongate,  6  mm.  long;  length  of  male 
•3  mm. :  on  the  gills  of  the  Pleuronectidae. 

PamHiY  11.    LERN^OPODIDAE.* 


Fig.  558 


Fig.  604 


Fig.  553  —  LemetBtiioua 
radiata  (VerriU).  Fig. 
654  —  OhondraoanihuB 
oomutus  (Bronn). 


Body  consists  of  a  head  and  a  thorax;  an- 
tennae small;  first  two  pairs  of  legs  long  and 
forming  the  organs  of  attachment;  other  legs 
wanting;  male  minute  and  attached  to  the  body 
of  the  female;  female  with  2  thick  egg  sacs: 
about  60  species. 

Lexvibopoda  Blainville.  Head  somewhat  smaller  than  the  thorax, 
which  is  slender  and  not  segmented :  about  9  species ;  in  fresh  and  salt  water. 

L.  f ontinalis  S.  I.  Smith.    Length  of  female  4  mm. :  on  brook  trout 

in  Maine. 

Suborder  2.    BRANCHIUBA. 

Parasitic  copepods  with  a  flattened  body  consisting  of  a  disc-like 
eephalothorax,  on  the  dorsal  surface  of  which  is  a  pair  of  large  com- 
pound eyes,  with  a  thorax  of  3  free  segments,  and  an  unsegmented, 
2-lobed  abdomen;  antennae  small;  mouth  parts  consisting  of  a  pro- 
boscis containing  2  serrate  mandibles  and  1  pair  of  slender  maxillae;  in 
front  of  the  mouth  is  usually  a  poisonous  sting  projecting  from  a  sheath, 
into  which  it  can  be  withdrawn ;  a  large  sucker  usually  present  on  each 
side  of  the  proboscis  and  just  behind  it  a  pair  of  short  uniramose  append- 
ages, the  suckers  and  the  appendages  representing  the  2  branches  of  the 
seeond  maxillae;  4  pairs  of  large  biramose  legs;  no  egg  sacs,  the  eggs 
being  deposited  on  stones  and  other  objects;  the  animals  leave  their 
hosts  occasionally  and  swim  about  freely :  1  family  and  about  37  species. 

Family  ABGTJLIDAE.t 
With  the  characters  of  the  suborder:  1  American  genus. 

*  See  "North  Am.  Parasitic  Copepods  of  tbe  Family  Lemceopodidae,"  etc.,  by 
C  B.  Wilson,  Proc.  U.  8.  Nat.  Mus.,  Vol.  47,  p.  565,  1915. 

t  See  "North  Am.  Parasitic  Copepods  of  the  Family  Argnlldae/'  etc,  by  C.  B, 
Wflson,  Proc  U.  B.  Nat  Mns.,  VoU  25,  p.  635,  1903. 
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AbovLITB  0.  F.  Miiller.  Suckers  and  sting  present:  27  speeies, 
parasites  on  marine  and  fresh-water  flsb,  usually  in  the  branchial  oavil^; 
13  American  species. 

A.  laticanda  8.  I.  Smith.  Carapace  elliptical,  considerabl;  longer 
than  wide  and  not  reaching  the  abdomen,  which  is  broadly  elliptical; 
length  6  mm.  i  on  the  eel,  floimder,  and  other  marine  fishes ;  common. 

A.  catoBtomi  Dana  ft  Herrick.  Carapace  ronnd,  wider  than  long, 
and  reaching  the  abdomen,  which  is  round  and  wider  than  long;  tei^^ 
12  mm.;  color  light  green:  on  fresh-water  fish,  especially  the  sucker 
(New  England). 

A.  fnndnll  Kroyer.  Carapace  wider  than  long  and  not  reaching  the 
abdomen,  which  is  very  long,  being  3  times  as  long  as  wide;  length  5 
mm.:  on  Fundvlw  along  the  Atlantic  coast 

A.  versicolor  C.  B.  Wilson  (Fig.  565).  Length  6  mm.;  width  4.S 
mm.;  color  brilliantly  variegated:  in  gill  cavity  of  pickerel. 

Obdbr  3.    OSTBAOODA.* 

Body  without  segmentation  and  laterally  compressed,  and  entirely 
enclosed  in  a  bivalved  carapace.     The  two  sides  of  the  earapaee  can 
be  closed  by  a  retractor  muscle;  when 
th^  open,  the  appendages  are  thrust  ont 
and  propel  Qie  animal  throu^  the  water. 
Seven  pairs  of  appendages  are  present 
(Fig,  656,B).    The  two  pairs  of  antennae 
are  used  for  both  locomotion  and  orienta- 
tion, the  second  pair  being  either  biramose 
or  nniramose.    The  mandibles  have  each  a 
large  3  or  4- jointed  palp;  two  pairs  of 
maxillae  are  present,  of  which  the  second 
pair  are  usually  leg-like.     Two  pairs  of 
"••  ■""^wSH^K."""*^'^         '«g3  f-Ufw,  the  second  pair  sometimes 
being  bent  back  and  apparently  of  use 
only  in  keepmg  dirt  out  of  the  shell    The  abdomen  b  short  and  may  end 
in  a  projection  with  two  terminal  claws  called  the  funea.     The  internal 

*  "A  Honograpb  ol  tbe  Marine  and  FroliwBter  Oatracoda,"  bj  Q.  8.  Bradj,  and 
A.  H.  Narmau,  Traai.  Ro;al  Dublin  8oc.  Vols.  4  and  C,  1889  and  1899.  "SjnopilB  of 
Freabwater  OatracDda,"  b;  C.  H.  Turner,  Am.  Nat.,  Vol.  3S.  p.  8TT,  ISOS.  "Rep.  on 
tbe  V'reshwater  Ostracoda  of  tbe  II.  8.,"  etc.,  br  R.  W.  Sbarpe,  Proc  V.  B.  Nat.  Una., 
Vol.  26,  p.  960,  1903.  "Marine  Ostraroda  of  Vioejard  Soand  and  Adjacent  Watera," 
br  J.  A.  CnabiDan,  Proc.  Boat.  8oc  Nat.  Hlit,  Vol.  S2,  p.  369.  1906.  "Tbe  Oetracoda 
ot  tbe  Han  XHego  Beglon,  It,  Littoral  Forma,"  by  C.  Indar,  Untv.  CaL  Pnb..  Vol.  S,  p. 
136,  1907.  "Die  SUinraaaerfanna  Dentacblanila,"  Bqft  tl„  UU>  "Qq^cQda,"  t^ 
0,  V.  HOIIer,  Das  Tterreicb,  iei2. 
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organs  are  distingaished  by  their  compactness.  A  heart  is  usually  absent. 
A  single  median  eye  or  a  pair  of  eyes  close  together  is  usually  present, 
but  the  Cypridinidae  have  an  additional  pair  of  large  compound  eyes. 
Ostracods  are  unisexual  animalsy  most  of  which  lay  eggs  which  they  either 
attach  to  water  plants,  as  in  the  case  of  Cypris,  or,  as  in  Cypridina,  carry 
between  the  shells  until  they  hatch.  Cypris  and  certain  other  genera  are  par- 
thenogenetic,  in  certain  species  no  males  having  yet  been  discovered.  The 
Cypridae  and  Cytheridae  are  bom  as  nauplii,  in  which  the  bivalved  shell 
is  already  present;  the  other  ostracods  are  bom  later  than  the  naupUus 
stage.  The  Ostracoda  live  on  or  near  the  bottom  of  both  salt  and  fresh 
water,  where  they  crawl  or  swim  actively  about  and  feed  principally  on 
small  animals.  Entocyfhere  is  parasitic  on  the  crayfish.  The  order  con- 
tains 2  suborders  and  more  than  1,400  species,  of  which  the  great  majority 
are  marine,  the  Cypridae  being  the  only  family  which  lives  almost  exclu- 
sively in  fresh  water. 

Key  to  the  suborders  of  Ostracoda: 

Hi  Second  antennae  apparently  uniramose 1.  Podooopa 

Oa  Second  antennae  biramose,  one  branch  large,  the  other  minute ;  marine. 

2.  Mtodogopa 

Suborder  1.    PODOCOPA.^ 

Second  antennae  apparently  uniramose  and  bearing  sharp  bristles, 
which  are  of  use  in  swimming  or  walking;  heart  absent;  shell  without 
antennal  sinus:  2  families;  mostly  in  fresh  water. 

Key  to  the  families  of  Podocopa: 

Oi  The  2  pairs  of  thoracic  feet  dissimilar,  second  pair  bent  back ....  1.  Cypridae 
Ot  The  2  pairs  of  thoracic  feet  and  the  second  maxillae  all  locomotory  and 

similar 2.  Cytheridae 

Family  1.    CYPRIDAE. 

Shell  thin ;  first  antennae  8-jointed,  but  appearing  6  or  7-jointed,  and 
with  long  bristles;  second  antennae  apparently  uniramose,  the  exopodite 
being  a  minute  plate  with  3  bristles,  and  leg-shaped  and  3  to  6-jointed, 
with  several  long  natatory  bristles  on  the  second  and  also  the  last 
joint;  usually  a  single  eye  present;  manibular  palp  4-jointed;  first  max- 
illa with  a  2-jointed  palp ;  second  maxilla  small,  with  a  short  palp,  which 
is  prehensile  in  the  male;  first  pair  of  legs  locomotory,  the  second  bent 
back  and  not  locomotory;  abdomen  with  a  furca;  genital  organs  large, 
extending  into  the  space  between  the  shells:  about  350  species,  mostly 
in  fresh  water. 

•  See  "Contribtitlons,'*  etc.,  by  B.  W.  Sharpe,  BnU.  lU.  St.  Lab.,  VoL  4,  1897. 
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Key  to  the  genera  of  Cypridae  here  described : 
a,  SecoKd  antcDoae  with  natatory  brtatles. 
hi  ADimala  in  fresh  water. 
Ox  Second  foot  tertninatea  with  1  long  straight  and  1  short  curred  briatle. 

d,  Caudal  furca  lone,  each  side  with  2  tenniDal  bristles 1.  CTPBia 

d.  Caudal  furca  rudimentaiy 2.  Ctpbidopsis 

«,  Second  foot  tennitiatea  with  2  straight  briatlea 3.  CrPaia 

B,  Aoimala  marine 6.  Polf  ti>ctpsis 

Hi  Second  antennae  withont  natatorr  bristles ;  animals  cannot  swim. 

4.  Camdoka 

1.  Otpbu   0.   P.    Miiller.     Eye   ain^e,   median;    second    antennae 

&-jointed,  the  5  natatory  bristles  extending  to  the  tip  of  the  terminal 

t  « 


FtK.  664 — Cvprla  virtna  (SOuw.  F.  Dent.).  A,  left  shell j.  B,  dlaaram  sboiHnr 
orgSDH.  1,  ej'e;  2,  arat  antenna  ;  3,  secand  aatenna  ;  4,  mandble  ;  G,  llrst  maiUla ; 
S,  ■eeoDi]  maxilla;  T,  first  leg  i  S,  second  leg;  9,  liver;  10,  abdomen  ;  11,  ovarj;  18, 
sdub;  13,  Intestine. 

bristles;  first  maxilla  with  a  large  and  second  maxilla  with  a  small 
branchial  plate;  parthenogenetic,  the  malea  being  unknown:  about  S 
AmerieBD  species. 

0.  vinna  (Jurise)  (Fig.  556).  Length  1.69  mm.;  height  .95  mm.; 
breadth  .9  nun.;  shell  higliest  jnat  back  of  the  eye  and  covered  with  short 


hairs;  dorsal  side  bluish-black;  lateral  sides  greenish  with  yellowish 
areas  extending  diagonally  downwards  from  the  region  of  the  eye :  cosmo- 
politan. 

0.  fiucata  Jnrine  (Fig.  557).  Length  1.5  mm.;  he^bt  .9  mm.; 
breadth  .7  mm. ;  shell  renif orm  and  greenish-brown  in  color  with  pellneid 
spots  and  a  bluish-blach  patch  on  either  dde :  cosmopolitan. 
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2.  OYmiDOPSXS  Brady.  Eye  single,  median;  second  antennae 
5-jomted,  the  natatory  bristles  extending  beyond  the  terminal  bristles; 
caudal  forca  rudimentary;  males  unknown:  11  species,  3  American. 

0.  Tidna  0.  F.  Miiller  (Fig.  558).  Length  .6  mm.;  height  .34  mm.; 
width  .4  mm. ;  color  yellowish-green  with  3  transverse  bands  on  the  back 
and  sides:  common  everywhere  in  fresh  water;  a  scavenger. 

3.  0YP2IA  Zenker.  Body  compressed;  eye  single,  median;  second 
antennae  5-jointed,  the  5  natatory  bristles  very  long,  extending  far 
beyond  the  terminal  bristles;  furca  normal,  stout:  11  species,  7 
American. 

0.  exscnlpta  Fischer  (Fig.  559).  Length  .58  mm.;  height  .38  mm.; 
width  26  mm.;  shell  thin,  somewhat  transparent  and  covered  with  a 
meshwork  of  longitudinal  lines;  furca  bent:  common  in  shallow  ponds 
and  slowly  flowing,  shallow  streams;  Europe. 

4.  Oavdova  Baird.  Second  antennae  of  female 
5-jointed  and  lacking  the  natatory  bristles;  furca 
strong:  on  the  bottom,  in  the  mud  and  sand,  not 
being  able  to  swim;  25  species,  9  American.  Fig.  560 

0.  acuminata  Fischer  (Fig.  560) .  Length  1  mm. ;       ^stoS?!  v!15^!^ 
height    .44    mm.;    width    .36    mm.;    shell    pointed 
behind,  white  or  brown  in  color;  the  shorter  bristle  of  the  last  seg- 
ment of  second  foot  3  or  4  times  as  long  as  the  last  segment:  often 

common;  Europe. 

5.  PovTOCTPBis  Sars.  First  antennae  7- jointed 
with  bristles  longest  on  the  last  joint  and  decreasing 
in  length  proximally;  second  antennae  with  4  slender 
Fig.  561 — PonUh  claws  on  last  joint  and  a  group  of  5  bristles  on  the 
^'^(Cnshman).  antepenultimate:   several  species;  marine. 

P.  edwardsi  Cushman  (Fig.  561).  Shell  somewhat 
triangular  with  rounded  ends,  hirsute;  first  antennae  with  4  bristles  from 
basal  joint;  length  .85  mm.;  height  .47  mm.:  Eel  Pond,  Woods  Hole,  in 
August. 

Family  2.    CYTHEBIDAE. 

Shell  usually  calcareous  and  hard ;  eyes  paired  but  more  or  less  con- 
fluent,  sometimes  wanting;  first  antennae  5  to  7- jointed,  with  bristles; 
second  antennae  leg-like,  4  or  5-jointed,  with  2  terminal  claws;  with  a 
basal  segment  bearing  a  long  fiagellum  which  contains  a  duct  from  a 
poison  gland;  mandible  with  palp;  first  maxilla  normal,  second  maxilla 
leg-like  and  similar  to  the  2  pairs  of  legs;  furca  rudimentary;  animals 
cannot  swim:  about  700  species  and  30  genera,  almost  exclusively  in 
salt  water;  8  American  marine  and  2  fresh-water  genera. 
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Key  to  the  genera  of  Cytheridae  here  described: 

Oi  Animalfl  marine. 

&i  Dorsal  and  ventral  margms  of  shell  not  parallel 1.  LozoODRoaA 

bt  Margins  of  shell  nearly  parallel. 

Ot  Surface  of  shell  rough 2.  Gtthereis 

Ct  Surface  of  shell  smooth 3.  Pbeudoctthebetta 

a.  Fresh-water  animals. 

&i  Animals  free-swimming 4.  LiMincTTHEBB 

&a  Animals   parasitic 6.  Bntootthsbc 

1.  LoxooovOHA  Sars.  Shell  with  a  notch  at  the  dorso-posterior 
angle;  ends  and  ventral  margin  extended  into  a  flattened  rim;  first 
antennae  6-jointed,  with  a  group  of  slender  setae  on  the  last  joint;  sec- 
ond antennae  4-jointed:  2  American  species;  marine. 

L.  impressa  (Baird)  (Fig.  562).  Length  .82  mm.;  height  .51  mm.: 
Vineyard  Sound;  very  common  in  shallow  water,  among  eel  grass, 
hydroidsy  etc. 

2.  Ctthsbszs  Sars.  Shell  strongly  calcareous;  first  antennae  5  or 
6- jointed ;  second  antennae  4-jointedy  with  a  short  flagellum  in  the  female ; 
first  pair  of  feet  differing  on  the  two  sides  of  the  body  in  the  male :  10 
American  species;  marine. 

C.  arenicola  Cushnuin  (Fig.  563).  Shell  qaadrangnlar,  the  dorsal 
and  ventral  margins  being  almost  parallel,  1  mm.  long;  .5  mm.  high;  sur- 
face with  irregular  patches,  usually  each  with  a  single  hair:  conmion  on 
sandy  bottoms  in  Vineyard  Sound. 


Fig.  662  Fig.  563  Fig.  564 

Fig.  562 — Lomoconoha  imprwsa  (Cushman).     Fig.  563 — Ojfthereia  aretUoola  (Cnsh- 
man).    Fig.  564 — tPgeudocyiheretta  edioardH  (Cushman). 

8.  PsETJSOCTTKEBSTTA  Cushman.  Inner  border  of  shell  irregalar; 
flagellum  of  second  antennae  3- jointed;  first  foot  of  male  with  a  seta  on 
the  hinder  border;  left  and  right  first  feet  of  male  very  different:  1 
species. 

P.  edwardsi  Cushman  (Fig.  564).  Dorsal  and  ventral  margins  of 
sheU  nearly  parallel,  with  rounded  hairy  ends;  length  1.2  mm.;  width 
.61  mm. :  Vineyard  Sound  in  rather  deep  water,  the  commonest  ostracod 
of  the  region. 

4.  LnonoTTEEBS  Brady.  First  antennae  5-jointed  with  short  bris- 
tles on  the  outer  edge;  second  antennae  4-jointed;  mandible  with  large 
branchial  plate:  2  American  species,  both  in  Illinois. 
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L.  roticolato  Shaipe  (Fig.  665).  Length  .68  mm.;  height  .35  mm.; 
breadth  J25  mm.;  color  whitish;  shell  with  conspicuous  polygonal 
markings. 

6.  EvTOOTTSSBX*  Marshall.  First  antennae 
6- jointed,  with  long  jointed  bristles;  ^cond 
antennae  4- jointed;  mandible  with  branchial  plate: 
1  species. 

E.  cambaria  Marsh.  Body  oval,  .6  muL  long; 
shell  thin  and  smooth:  parasitic  on  gills  of 
Cambarua  in  Wisconsin. 

SuBOBDEB  2.    MYODOCOPA. 


FiS.  B6S — Limnicvthere 

reticulata — inside 

of  left  shell 

(Sbarpe). 


Second  antennae  biramoee,  one  branch  being  large  and  many- jointed 
and  usually  with  natatory  bristles,  the  other  minute;  front  margin  of 
shell  with  a  deep  notch  in  front  for  the  protrusion  of  the  second  an- 
tennae: 5  families,  marine* 

Key  to  the  families  of  Myodocopa  here  described : 

Os  Eyes  present 1.  CTPsronnDAK 

Os  Eyes  absent 2.  Haloctpbidas 

Pamilt  1.    CYPBIDINIDAE. 

Shell  with  a  deep  notch  in  front  (antennal  sinus);  3  eyes  present; 
first  antennae  stout,  5  to  8-jointed,  bearing  the  large  sense  organ ;  second 
antennae  with   outer  branch   usually   9-jointed;   inner  branch  in   male 

3- jointed;  mandibular  foot  5-jointed,  terminating  in 
a  claw:  2  American  genera. 

Saxszslla  Norman.  Shell  of  female  without 
notch;  first  antennae  5-jointed,  with  sense  organ  on 
third  joint  in  male:  2  American  species. 

8.  sostericola  Cushman  (Fig.  566).  Shell  1.3 
mm.  long  and  .86  mm.  high  in  the  male  and  1.1  mm. 
long  and  1  mm.  high  in  the  female,  obliquely  truncate 
behind :  on  eel  grass  and  hydroids  at  Woods  Hole. 


Fig.  566 

BarMella   gosterieola 

(Cushman). 

1,  antennal  slnaa. 


Family  2.    HALOCTPBIDAE.t 

Shell  very  thin  and  fiezible  with  notch  (antennal  sinus)  in  front, 
above  which  is  a  rostrum ;  median  tentacles  present  between  first  antennae ; 
eyes  absent:  3  American  genera,  all  on  the  Pacific  coast. 

1.  Halootfbis  Dana.  Rostrum  very  short,  notch  small ;  shell  short 
and  high:  1  American  species. 

^  See  "Bntocytbere  cambaria,  a  Parasite  Ostracod/*  by  W.  S.  Marshall,  Trans. 

Wis.  Acad.  Sd.,  Vol.  14,  pt.  1,  p.  117. 

t  See  "Ostracoda  of  the  San  Diego  Region,  I.  Halocypridae,"  by  C.  Jnday,  Uniy. 
Cat.  Pub.,  Vol.  3,  p.  IS,  1906. 
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H.  pelagica  Claus  (Fig.  567).    Shell  1.4  mm.  long  and  1.1  nmL 

high ;  first  antennae  strongly  curved :  Atlantic  and  Pacific  Oceans. 

. _  2.  OovOHCBOZA  Dana.    Shell  elon- 

gate with  well-developed  rostrum  and 
notch:  7  American  species. 

C.  magna  Claus.  Shell  subquad- 
rangular,  higher  behind  than  in  front, 
2.6  mm.  long  and  half  as  high;  dorsal 
margin  with  a  depression  near  the  mid- 
dle: widely  distributed  in  the  Atlantic 
^fXr^ir'iX^oVttf         and  Pacific  Oceans. 

Order  4.    OIBBIPSDIA.* 

Body  usually  of  large  size  and  enclosed  in  a  calcareous  shell ;  animals 
marine  and  sessile  as  adults,  living  either  attached  to  rocks,  timbers,  or 
seaweed,  or  as  parasites  on  or  in  the  bodies  of  crabs,  mollusks,  or  other 
marine  animals.  A  cement  gland  in  the  penultimate  joint  of  each  anterior 
antenna  furnishes  a  secretion  by  means  of  which  the  barnacles  are  attached ; 
the  parasitic  Bhizocephala  fasten  themselves  to  their  hosts  by  means  of 
long  root-like  projections  of  the  head.  The  body,  like  that  of  the 
Ostracoda,  is  entirely  enclosed  in  a  carapace  which  arises  on  the  back  of 
the  head  and  thorax  and  falls  in  a  right  and  left  fold  over  the  body,  form- 
ing the  characteristic  shell.  The  appendages  are  a  pair  of  mandibles,  two 
pairs  of  maxillae,  and  six  pairs  of  biramose  and  plumose  thoracic  append- 
ages or  legs.  It  is  these  legs  which  project  from  the  shell  and  give  the 
animal  its  characteristic  appearance.  In  some  of  the  parasitic  cirripeds  the 
number  of  pairs  of  thoracic  legs  is  less  than  6  and  in  the  Bhizocephala 
both  they  and  the  mouth  parts  are  altogether  wanting.  The  abdomen  is 
rudimentary.  The  digestive  tract  in  the  barnacles  passes  straight  to  the 
anus  at  the  hinder  end  of  the  abdomen;  in  the  Bhizocephala  no  digestive 
tract  is  present,  the  nutriment  being  absorbed  through  root-like  projections 
of  the  stalk  which  entwine  the  viscera  of  the  crab  on  which  the  parasite 
is  living. 

With  a  few  exceptions  all  cirripeds  are  hermaphroditic,  a  condition 
which  is  undoubtedly  correlated  with  their  sessile  habit  of  life.  In  a 
few  genera  of  barnacles  {Ibla,  Scalpellum)  complementary  males  also 
occur,  which  live  in  or  near  the  genital  openings  of  the  hermaphroditic 
individuals.  Scalpellum  omatum,  Ihla  cumminffi,  and  all  the  species  of 
the  genera  Cryptophialus  and  Alcippe,  which  burrow  in  the  shell  of 

^  See  **A  Monograph  of  tbe  Subclass  Clrrlpedla,"  by  Charles  Darwfn,  1861-1854. 
'*The  Barnacles  (Clrrlpedla)  Contained  In  the  Collections  of  the  U.  S.  National 
Museum,"  by  H.  A.  Pilsbry.  Bull.  60,  U.  S.  Nat  Mus.,  1907. 
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snailsy  lare  unisexual,  the  male  being  a  minute  animal,  consisting  of  little 
but  genital  organs,  which  lives  a  parasitic  life  on  the  body  of  the  female. 
Cirripeds  are  bom  as  nauplii  and  pass  through  a  later  larval  stage  pos- 
sessing a  bivalve  shell,  a  pair  of  compound  and  a  simple  eye,  called  the 
eypris  stage,  during  which  they  attach  themselves. 

History,— The  thick,  calcareous  shells  of  barnacles  have  always  made 
them  conspicuous  objects,  and  they  have  been  well-known  animals  for  a 
very  long  time.  The  medieval  zoologists  supposed  the  Lepadidae  to  be 
the  young  of  bemicle  geese,  which  often  appear  in  large  flocks  along 
the  seashore  of  Europe,  and  this  belief  led  them  to  call  the  animals  goose 
barnacles.  It  was  not  until  the  beginning  of  the  eighteenth  century 
that  this  belief  disappeared.  The  cirripeds  were  usually  classified  with 
the  mollusks  by  the  earlier  zoologists,  although  Lamarck  in  1802  placed 
them  among  the  crustaceans,  until  J.  Y.  Thompson  in  1830  showed  the 
barnacle  larva  to  be  a.  nauplius  and  thus  definitely  proved  their  cms* 
tacean  nature.  Cuvier,  however,  in  1830  still  placed  them  among  the 
mollusks. 

About  500  species  of  Cirripedia  are  known,  of  which  about  15  species 
occur  on  our  Atlantic  coast.    The  order  contains  5  suborders. 

Key  to  the  suborders  of  Cirripedia  here  described : 

Ot  Body  enclosed  in  a  calcareous  shell ;  barnacles 1.  Thobacioa 

Os  Body  without  a  calcareous  shell ;  animals  parasitic. 

hx  Thoracic  appendages  present ;   animals  bore  into  the  shells  of  mollusks 

and  cirripeds 2.  Abdominalia 

5a  Thoracic  appendages  wanting;   parasitic  on  decapods. . .  .3.  Rhizogephaul 

Suborder  1.    THORACICA. 

Barnacles.  Body  enclosed  in  a  calcareous  shell  and  attached  at  the 
dorsal  side  of  the  head,  the  6  pairs  of  biramose,  tendril-like  thoracic  legs 
being  thrust  out  as  the  shell  opens  to  gather  in  the  small  animals  and 
organic  fragments  which  form  the  food:  about  4  families. 

Key  to  the  families  of  Thoracica: 

Oa  Body  attached  by  a  long,  thick  stalk. 

&x  Stalk  almost  or  quite  as  wide  as  the  rest  of  the  body,  and  scaly. 

1.  MrrsLLinAS 

&i  Stalk  much  narrower  than  body 2.  LEPAnmAB 

a.  No  stalk  present. 

&i  On  rocks,  timbers,  etc 3.  Balanidab 

b.  On  whales 4.  Cobonulidas 

Family  1.    MITELLIDAE. 

Stalk  with  scales  or  spines  and  as  wide  as  the  rest  of  the  body,  or 
nearly  so;  shell  consists  of  a  large  number  (18  or  more)  of  pieces; 
mostly  hermaphroditic,  Scalpellum  omatum  on  the  South  African  coast 
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and  Ihla  cummingi  in  the  Philippines,  however,  being  nnisexoal  with  eom- 
plementary  males,  and  Sealpelltitn  vulgare  of  the  European  seas  hermaph- 
rodite also  with  complementary   males;   Lithotrya 
bores    into    rocks   and    moUusk   ahella    and    eoral; 
about  10  species. 

1.  MiTSLU  Oken  (Pollicipet  Leach)  [Fig.  568). 
Shell  consists  of  from  18  to  over  100  pieces,  of  which 
the  carina,  the  terga,  and  the  scuta  are  the  largest; 
hermaphroditic :  8  species. 

K.  poIrmeniB  (Sowerby).  Shell  composed  of 
upwards  of  ISO  pieces  arranged  in  several  whorls, 
decreasing  in  size  from  above  downwards;  total  length 
7  cm.:  west  coast  of  America;  common. 

2.  SoALmxini  Leach  (Fig.  569).  Stalk  thick,  short, 
and  usually  scaly;  shell  composed  of  12  to  15  pieces; 
either  unisexual  or  hermaphroditic,  with  complementary 
males:  140  species;  mostly  in  deep  water. 

8.  stnuni  Sars.  Stalk  about  half  as  loi^  as  body 
and  covered  with  imbricated  scales;  total  length  12  mm.: 
in  deep  water  in  the  gulf  of  Maine,  and  to  the  northward ; 
Europe. 

Familt  2.    LEPADIBAE. 

Stalk  much  narrower  than  the  rest  of  the  body  and  without  seaks^ 
body  flattened  and  usually  covered  with  a  shell  consisting  of  5  pieMs^ 
a  pair  of  large  scuta  at  the  stalk  end  of  the  bo^,  a. 
pair  of  smaller  terga  at  the  opposite  end  and  a. 
median  dorsal  carina  which  lies  along  the  hinge,  the- 
shell  opening  and  the  legs  protruding  on  the  ventral' 
side;  Anelasma,  which  lives  parasitically  in  the  skin 
of  dogfish  in  the  North  Sea,  is  without  a  shell;: 
hermaphroditic,  without  complementary  males;  about- 
7  genera  and  30  species,  which  attach  themselves: 
usually  to  floating  objects. 

1.    IiEFAl    K     Ooose    barnacles    (Fig.    570)'.. 
Scuta  broad  and  triangular;  terga  and  carina  welt 
developed,  the  latter  reaching  posteriorly  between; 
the  former  and  alt  5  parts  of  the  shell  abutting  ott 
one  another:  about  6  species,  5  American,  all  of  which  are  found  on  both 

L.  taidcnluris  Ellis  and  Solander.     Stalk  short,  not  as  long  as  tfa« 
body;  plates  thin  and  paper-like;  carina  bent  at  right  angles;  lengtU 


Fig.  570 

Ltpat  dfiotl/era 

(Pllsbr;). 

.  scutum :  2,  tersDm ; 
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of  ahell  4  cm.:  Gosmopolitan,  often  very  numerous,  espeeially  in  early 
BtuDmer,  on  tba  North  American  coast,  sometimes  as  far  north  as  the 
Bay  of  FoDdy,  attached  to  seaweed  and  other  floating  objects;  Pacific 
eoast  north  of  San  Francisco. 

Lk  uuwifera  L.    Stalk  about  as  long  as  the  body;  plates  radially 
grooved;  length  of  shell  5  cm.:  cosmopolitan. 

It.  anatifen  L.  (Fig.  570).  Stalk  usually  as  long  aa 
or  longer  than  the  body;  shell  bluish-white;  plates  faintly 
striated;  length  of  shell  5  cm.  or  less:  cosmopolitan;  on 
ships'  bottoms  and  floating  objects;  the  commonest  species; 
more  southerly  tiian  L.  ftucieulane. 

2.  OOHOHOSEUU  Olfers.    Carina  and  terga  small  or 
wanting;  scuta  narrow,  the  parts  of  the  shell  not  touching 
one  another;  stalk  long  and  almost  as  broad  as  the  body, 
tapering   from    it   to   the   point    of   attachment:    usually      concnoderma 
attached  to  ships'  bottoms,  bnt  also  to  other  objects;  3         (Pifabr;). 


0,  Ttrgatiim  (Speugler)  (Fig.  571).    Length,  including  stalk,  5  em.; 
color  grayish,  with  6  dark  longitudinal  hands:  cosmopolitan. 

Pamilt  3.     BALANIDAE. 
Rock  barnacles.    No  stalk  present;  body  enclosed  in  a  thick  cal- 
careous shell;  tbis  is  made  up  of  a  number  of  pieces  which  are  joined 
together  to  form  a  cylinder,  in  which  the  animal  lies  on  its  back  with 
the  6  pairs  of  thoracic  feet  uppermost;  2  pairs  of  hii^ed  plates,  cor- 
responding to  the  scuta 
and    tei^a    of    Lepaa, 
close  the  aperture  of  the 
•  cylinder  and,  on  open- 

I       ing,  permit  the  legs  to 
be  thrust  out  and  sweep 
^  in    particles    of    food : 

incrusted  on  rocks  and 
timber^  etc,  often   in 
Fla.  6T2— Dtonwm  of  aoto.«  (DanrtD).    A,  entire      great  numbers:  about  7 
S5*to'ni  DTO,*""""  "**""  ""  ■'""■    *=^P''"f"'"      genera  and  75  species. 

Balahvi  L.  (Fig. 
572).  Cylindrical  shell  composed  of  6  thick  pieces  joined  by  thinner  ones; 
basis  of  the  shell  either  membranous  or  calcareous:  about  46  species,  of 
which  8  occur  on  the  Atlantic  coast. 

B.  baJaaoldes   (Ij.).     The  common  barnacle.     Base  of  shell  mem- 
branous; tergum  with  a  spur;  cylindrical  shell  of  variable  shape  and 
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with  longitudinal  ridges;  length  up  to  5  cm.:  North  Atlantic  coast, 
extremely  common  between  tide  lines. 

B.  ebnmeiu  Gould.  Ivory  barnacle.  Shell  low  and  broad  in  form 
and  with  a  smooth^  white  exterior;  base  of  shell  calcareous:  common 
from  Massachusetts  Bay  to  the  West  Indies,  chiefly  below  low-water 
mark;  often  in  brackish  and  even  fresh  water. 

B.  crenatns  Brugui^re.  Shell  white,  up  to  34  mm.  high  and  19  mm. 
wide;  base  calcareous  and  very  thin:  Atlantic  coast,  on  stones  and 
shells  in  deeper  water,  also  on  ships. 

B.  tintiniiabulum  (L.).  Shell  often  ribbed  longitudinally,  reddish 
or  bluish  in  color  with  a  calcareous  base;  up  to  6  cm.  in  diameter  and 
in  length:  cosmopolitan,  in  the  warmer  seas,  often  brought  to  our  coast 
on  the  bottoms  of  vessels;  is  eaten  in  many  countries. 

Family  4.    GOBONULIDAE. 

Similar  to  the  preceding  family  but  differing  in  that  the  terga  and 
scuta,  although  freely  movable,  are  not  hinged  with  one  another;  base 
of  shell  membranous:  on  Cetcicea;  4  genera  and  7  species. 

CoBOWLA  Lamarck.  Shell  formed  of  6  principal  pieces  and  wider 
than  high;  terga  and  scuta  much  smaller  than  the  opening:  3  species, 
on  whales. 

0.  diadema  L.  Shell  crown-shaped,  scuta  present,  terga  very  small 
or  wanting:  off  the  New  England  coast. 

SuBOBDEB  2.    ABDOMINALIA. 

Body  segmented,  surrounded  by  a  voluminous  mantle  but  without 

a  shell,  and  with  only  3  pairs  of  feet  on  the  hinder  part  of  the  thorax; 

unisexual;  the  animal  bores  into  the  shells  of  mollusks  and  cirripeda:  2 

families. 

Family  ALCIPPIDAE. 

Stalk  weak  and  with  a  large  chitinous  disc  of  attachment;  legs 
uniramose;  mantle  opens  on  the  side;  males  minute,  without  legs, 
attached  to  the  females:  1  genus. 

Aloippe  Hancock.    With  the  above-mentioned  characters :  1  species. 

A.  lampas  Hancock.  Length  6  mm.;  bores  in  dead  Naiica  shells 
which  are  inhabited  by  hermit  crabs:  Woods  Hole. 

Suborder  3.    RHIZOCEPHALA. 

Body  without  segmentation,  appendages,  or  shell  and  sac-shaped,  with 
a  stalk  composed  of  branched  thread-like  projections  which  extend  into 
the  body  of  the  host;  without  intestine;  hermaphroditic,  with  comple- 
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mentary  males:  2  families  with  about  6  genera  and  35  species.  The  best- 
known  genera  are  Sacculina  Thompson,  with  about  6  spedes,  which  live 
on  decapod  crabs,  forming  a  thick  sac  between  the  abdomen  and  thorax, 
and  Peltogaster  Rathke,  with  about  7  species,  which  live  on  hermit  crabs. 
They  occur  in  the  North  Atlantic  off  the  European  coast 

Subclass  2.    MALACOSTRACA^ 

Crayfish,  lobsters,  and  crabs,  and  the  other  higher  and  larger  crusta- 
ceans. In  all,  excepting  the  Phylloearida,  the  body  is  made  up  of  20 
somites,  of  which  5  form  the  head,  8  the  thorax,  and  7  the  abdomen.  The 
head  is  invariably  fused  with  one  or  more  thoracic  somites,  and  together 
with  these,  in  the  Phylloearida  and  Thoracoatraca,  is  covered  by  a  shield- 
like carapace  (Fig.  625,5).  The  number  of  pairs  of  appendages  is 
typically  19,  of  which  5  are  cephalic,  8  are  thoracic,  and  6  are  abdominal : 
the  last  abdominal  somite,  which  is  called  the  telson,  bears  no  appendages. 
The  cephalic  appendages  are  the  first  and  second  pairs  of  antennae,  one 
pair  of  mandibles,  and  two  pairs  of  maxillae.  The  terminal  portion  of 
the  antenna  is  called  the  flagellum  (Fig.  5764I):  in  many  cases  more 
than  one  may  be  present,  one  of  which  may  be  a  smaller  or  so-called 
secondary  flagellum.  The  basal  portion  of  the  antenna  is  called  the 
peduncle  (Fig.  576,2).  Hie  exopodite  of  the  second  antenna  is  broad 
and  flat  in  many  forms  and  is  called  the  antennal  scale  (Fig.  615, 3). 

From  one  to  five  of  the  anterior  pairs  of 
thoracic  appendages  are  specially  modified  to  assist 
in  eating  and  are  called  maxillipeds,  while  the 
posterior  pairs  are  called  periopods  and  are  used 
principally  for  locomotion  (Fig.  576,5).  The 
thoracic  appendages  are  often  prehensile  and  used 
for  grasping,  in  which  case  the  distal  segments  may 
be  modified  in  one  of  three  ways :  (1)  the  terminal 
segment  may  form  with  the  next  one  a  forceps-like 

pinching  claw  or  chela  as  in  the  crayfish  or  crab,         p^g.  573 ^Diamms  of 

when  the  appendage  is  spoken  of  as  chelate  (Fig.     rsubcheiat^ciaV^^^ 
573,  B);   (2)  the  terminal  segment  may  simply     J^Ui^i!'''^^^    ^^^ 
bend  back  on  the  next  one  as  in  the  Amphipoda, 

when  the  appendage  is  spoken  of  as  subchelate  (Fig.  573, A);  (3)  the 
terminal  segment  may  be  sharp  and  spine-like,  as  in  the  parasitic  isopods. 
The  abdominal   appendages   are   called   pleopods   or  swimmerets    (Fig. 

^  See  "Natural  History  of  Bconomic  Crastaceans,**  etc.,  by  R.  Ratbbun,  Ball,  of 
U.  S.  Flah  Com.  for  1889,  p.  763.  "Hlgber  Crastacea  of  New  York  City,"  by  P.  P. 
Panlmeier,  Bull.  91  of  N.  Y.  St.  Mas.,  1905.  "Die  SttsswaBserfi^ana  Deatschlanda," 
Heft  11,  1910. 
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579,  4)  and  have  a  variety  of  f  onctions,  being  looomotoi7  and  respiratory 
and  often  aerving  for  the  attachment  of  the  e^s  or  the  joang.  The 
appendages  are  all  primarily  binunoee  except  the  anterior  antennae, 
althoagh  in  the  adult  animal  either  the  ezopodite  or  Ihe  endopodite  may 
be  absent  and  the  appendages  thus  become  uniramose.  The  eyes  are  either 
pedunculate  or  not.  The  snbclass  contwns  3  divisioDS  and  over  11,200 
speciee. 

Key  to  tbe  diTi^onn  of  Mdlaeoatraca: 
Oi  Abdomen  compoaed  of  8  BegmeotB :   large  carapace  present.  .1.  Pbyuhcaxba. 
0,  Abdomen  of  7  aegmenbl  or  lees. 

b.  Carapace  absent ;   thorax  aBuall;  with  7  free  segments 2.  AaTHBosTKACa 

b.  Carapace  present  coTering  a  part  or  atl  of  the  thorax. .  .3.  Thobacostraca 

DtnaiON  1.    PBYUAOASIDA.* 

Primitive  Malacoatraca  with  a  thorax  bearing  8  pairs  of  leaf-like 
gills,  a  long  abdomen  composed  of  8  s^ments  bearing  6  pairs  of 

appendages  and  with  a  large  carap '-~ —  "•-  "■— '  " 

and  a  portion  of  the  abdomen;  eye 
species,  all  marine. 

Nebalu  Leacb.  Caudal 
fork  (furca)  with  lateral  spines: 
4  species. 

V.  bipes  (Fabricius)  (Fig. 
674).  Body  slender,  compressed, 
10  mm.  long;  genital  opening  on 

the  last  thoracic  segment  in  the  p^  B74-ffrtalto  Mp<.  (Pactart). 

male  and  on  the  antepenultimate 

a^ment  in  the  female;  eggs  carried  by  the  female  between  the  thoracic 
feet:  North  Atlantic,  in  shallow  water,  among  seaweeds;  Europe. 

Division  2.  ASTHBOSTRAOA. 
UalacoBtracana  of  small  but  not  minute  size  in  which  the  Gist 
thoracic  somite  (in  a  few  cases  tbe  second  also)  is  united  with  tbe  head, 
tbe  remaining  7  being  free  and  appearing  as  distinct  segments;  no 
carapace  present;  abdominal  somites  more  or  less  coalesced,  6  free  seg- 
ments usually  appearing,  although  the  number  is  very  often  smaller; 
appendages  well  developed,  cousbting,  when  all  are  present,  of  2  pairs 
of  antennae,  1  pair  of  mandibles,  2  pairs  of  maxillae,  1  pair  of  maxilli- 
peds  (belonging  to  the  first  thoracic  segment  which  is  fused  witb  the 
head),  7  pairs  of  periopoda  and  6  of  pleopods;  eyes  in  most  eases  ses- 

■  Ree  "The  Order  Pbyllocarlda,"  etc.,  by  A.  S.  PacliBn),  T*eltth  Ann.  Rep.  D.  8. 
OeoL  Bnr.  for  reu  1878,  pt.  1,  1868,  p.  432.  "Tbe  Craitaeean  NebaUa,"  bj  A.  S. 
Pmckard,  Am.  Nat.,  Vol.  16,  p.  861. 
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sile;  the  eggs  are  carried  on  the  ventral  surface  of  the  thorax  in  a 
brood  pouch  formed  by  flat  projections .  of  the  thoracic  legs  and  the 
young  animals  are  like  the  parents  in  form,  there  being  no  metamor- 
phosis: 2  orders. 

Key  to  the  orders  of  Arthrostraoa: 

Oi  Usually  laterally  compreBsed;  yery  often  jumping  animals. . .  .1.  Amfhipoda 
a^  Usually  doraoventrally  flattened ;  many  terrestrial  and  many  parasitic. 

2.   ISOFODA 

Order  1.    AMPHIPODA.* 

Body  elongated  and  usually  laterally  compressed;  first  2  pairs  of 
periopodsy  which  are  called  gnathopods  (Fig.  577,  3  and  4),  usually" 
larger  than  the  others  and  subchelate,  being  used  for  grasping  the  food ; 
gills  on  the  periopods;  hinder  3  pairs  of  pleopods  usually  adapted  for 
jumping:  about  45  families  and  2,300  species,  which  are  almost  exclu- 
sively marine,  many  species  dwelling  on  the  seabeach,  burrowing  in  the 
sand  or  living  under  stones  or  decaying  vegetation;  food  consisting 
mostly  of  living  or  dead  animals  of  all  kinds,  also  of  decaying  vegetable 
matter;  a  number  of  species  are  parasitic;  3  suborders. 

Key  to  the  suborders  of  Amphipoda: 

Ot  Seven  free  thoracic  segments. 

6i  Head  very  large,  with  very  large  eyes 1.  Htpebiidea 

bf  Head  and  eyes  not  of  unusual  size 2.  Gammabidea 

Os  Six  free  thoracic  segments ;  abdomen  very  rudimentary 3.  Capbkllidea 

Suborder  1.    HYPEBIIDEA. 

Head  and  eyes  both  very  large;  maxilliped  without  a  palp;  7  pairs 
of  thoracic  legs  present:  parasitic  or  living  on  or  in  pelagic  animals, 
especially  medusae;  4  families. 

Key  to  the  families  of  Hyperiidea  here  described : 

Ot  Usually  found  in  medusae 1.  Htfebiidae 

Oa  In  the  tests  of  Salpa  or  Pyrosoma 2.  Phbonimidae 

Familt  1.    HYPEBIIDAE. 

Head  large  and  almost  entirely  occupied  by  the  enormous  eyes; 
5  abdominal  segments;  mandibular  palp  present:  usually  found  in  large 
medusae;  about  8  genera. 

Hypxhia  Latreille.  Gnathopods  feeble:  several  species  in  AureUa, 
Cyanea,  and  other  medusae;  2  species  on  the  Atlantic  coast. 

H.  galba  (Montagu).  Periopods  with  very  few  setae;  length  15 
mm. :  in  AureUa;  coast  of  New  England. 

*  See  "Synopsis  of  tbe  Amphipoda/'  by  S.  J.  Holmes,  Am.  Nat.,  Vol.  37,  p.  267, 
1908.  "Tbe  Amphipoda  1.  Gammarldea,"  by  T.  R.  R.  Stebblng,  Das  Tierreich,  1906. 
"Tbe  Amphipods  of  Southern  New  England,**  by  8.  J.  Holmes,  Ball,  of  U.  S.  Fish.  Com., 
▼ol.  24,  p.  457,  1904.  "The  Freshwater  Amphipoda  of  North  America,'*  by  Ada  L. 
Wackel,  Proc  U.  8.  Nat  Mas.,  VoL  32,  p.  26, 1907. 
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H.  mednrariun   (O.  F.  Miiller)    (Fig.  575).     Gnathopods  covered 

with  setae  on  the  sides;  length  12  mm.:  found  in  Cyanea  and  other 

jellyfish;  coast  of  New  England,  north  of  Cape 

Cod. 

Family  2.    PHBONIMIDAE. 

Head  very  long  dorsoventrally,  on  the  sides 

and  top  of  which  are  the  large  eyes ;  no  mandibular 

Flff.  676 — Bvperia  me-     palp  present;  second  antennae  rudimentary  in  the 
duBoirum  (Leunis).  .        ,         ^      ,  ^ 

female:  about  7  genera. 

PHBOimiA  Latreille.  Fifth  pair  of  periopods  with  large  chelae; 
last  thoracic  segment  elongated:  1  species. 

P.  sedentaria  (Forskal).  Length  3  cm.:  cosmopolitan;  each  indi- 
vidual living  in  the  transparent  test  of  Salpa  or  Pyrosoma. 

SuBORDEB  2.    GAMMARIDEA. 

Seven  free  thoracic  segments  and  pairs  of  thoracic  legs;  maxilli- 

ped  with  a  2  to  4-jointed  palp :  about  40  families  and  over  1,000  species. 

Key  to  the  families  of  Gammaridea  here  described : 

Oi  Three  last  abdominal  somites  normal  and  not  fused  together. 
&i  Body  compressed  and  not  flattened. 
Oi  Last  iMiir  of  pleopods  do  not  end  in  a  hook. 
<fi  First  antennae  usually  shorter  than  second, 
et  First  antennae  without  secondary  flagellum. 
fi  First  antennae  much  shorter  than  the  second. 

ffx  Two  eyes  present 1.  Obchestiidax 

fft  Four  eyes  present 3.  Amfeuscidab 

ft  First  antennae  but  little  shorter  than  second 4.  Calliopiidak 

e.  First  antennae  with  2  flagella,  posterior  periopods  very  broad. 

2.   PONTOPOBEIIDAB 

d^  First  antennae  nsually  longer  than  second,  or  of  nearly  the  same  length. 
€i  Secondary  flagellum  present;    both  pairs  of  gnathopods  usually  of 

•    same   sisse 5.  GAMMAamAB 

et  Secondary   flagellum   usually   absent;    second   pair  of  gnathopods 

larger  than  the  first 6.  PHonnAS 

0^  Last  pair  of  pleopods  end  in  a  hook 7.  Aicphithoidab 

b.  Body  flattened,  with  small  abdomen 8.  CoBOPHnnAB 

Oa  Last  8  abdominal  somites  fused  with  caudal  stylets 9.  Chblubidab 

Family  1.    OBCHESTIIDAE. 

The  beach  fleas.  First  antennae  much  shorter  than  the  second; 
mandible  without  palp;  body  laterally  compressed;  second  gnathopod 
much  larger  than  the  first:  about  13  genera  and  100  species,  which  live 
largely  on  the  seashore  and  are  more  or  less  adapted  to  a  terrestrial  life. 

Key  to  the  genera  of  Orcheatiidae  here  described : 

Oi  First  antennae  shorter  than  peduncle  (long  basal  segments)  of  second. 

5|  Dark-colored  animals  found  on  the  seabeach 1.  Obchsbtia 

6i  Whitish  animals  which  burrow  in  the  sand 2.  Talorchestia 

Og  First  antennae  longer  than  peduncle  of  second 3,  Htalbixa 
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1.  OaOHsnu  Leach.  Du'k-colored  amphipods  in  which  the  first 
antennae  are  shorter  than  the  baaal  portion  (peduncle)  of  the  second, 
and  the  first  gnathopod  is  snbehelate  in  both  sexes:  25  species. 

0.  icilii  B.  I.  Smith  (Fi^.  67S).  First  antennae  not  reaching  the 
tip  of  the  pennltimate  joint  of  pednnele  of  second  antenna;  length  14 


Fig.  S7fr—Oroh««Ha  oyl«»   (VerrlU). 
Dele :    3,  flnt  Kiiatbopod ;    4,  secood  ed* 
,  abdomen;    8,  thorax.     Flj.  577— OrvJlW 
■  Id  Pis-  616. 


1.  Oaflvlluni  ot  second  aDtenna:  2,  p«d- 
tbopod:  B,  perlopada;  6,  Jnmplnc  leg*; 
Ua  paliMlm  (Paulmeler).     EiplBDatioua 


mm.;  color  brownish:  AtUntic  coast,  under  masses  of  decaying  sea- 
weed on  the  shore,  aa  far  south  as  Florida;  when  disturbed  it  hops  and 
runs  with  great  rapidity;  Europe. 

0.  paltutris*  S.  I.  Smith  (Fig.  577).  First  antennae  reaching 
beyond  tip  of  pennltimate  joint  of  pednnele  of  the  second  antennae; 
length  18  mm. ;  color  brownish :  Cape  Cod  to  New  Jersey ;  on  the  shore  of 
salt  marshes;  Europe. 

2.  Talososzstu  Dana.  Whitish,  lai^  am- 
phipods  in  which  the  first  antennae  are  shorter  than 
the  foasal  portion  (peduncle)  of  the  second  and  the 
first  gnatfaopods  are  snbehelate  in  the  male  and  not 
in  the  female:  20  species. 

T.  longicomlBt  (Say)  (Fig.  578).  Eyes  large; 
second  gnathopods  of  male  very  large ;  first  antennae 
jost  reaebing  to  the  tip  of  the  penultimate  joint  of 
the  second  antennae;  length  26  mm.;  color  whitish, 
bnt  sometimes  brown:  Cape  Cod  to  New  Jersey, 
common  on  sand  beaches,  burrowing  in  the  sand 
in  the  daytime. 

3.  Htalklla  8.  L  Smith  (AltorcheBtea  Dana).  Small  amphipods 
in  which  die  first  antennae  are  longer  than  the  basal  portion  (peduncle) 
of  the  seeond:  2  species. 

.  *  See  "The  8«1t-Hanh  Amphlpod.  Oreheitia  palnatrli,"  b;  U.  B.  Bmallwood, 
CoM  Spring  Harbor  MoDogTapba,  III.  IBOO. 

t  See  "Tbe  Beach  Plea  ;  'Alorcbeitla  longicornli,"  by  M.  E.  Bmallwood,  CoU 
String  HaAor  Hvposrapb*,  I,  IMS. 


Pig.  679— ratorcft«- 
Utt  longicomit    (Paul- 
lecond 


□pod  of  tacne. 
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H.  dentafa  (Say)  (Fig.  579).  Hinder  dorsal  mai^  of  the  first 
and  second  abdominal  segments  produced  to  form  spines;  length  6 
mm.:  in  fresh- water  ponds  in 
the  eastern  states,  where  it  is 
^  one  of  the  two  common  fresh- 
water species  of  amphipods, 
(>ammarv»  fanatut  heing  the 
other. 

FamiltS.  PONTOPOBEIIDAE. 
First  antennae  but  Uttle 
shorter  than  the  second  and 
with  a  secondary  flagellum; 
mandible  with  a  palp;  posterior  periopods  very  broad  and  modified  for 
digging:  about  8  genera  and  22  species. 

Haosiouob  St.  Huller.  Characters  as  above;  small  rostrum 
present:  1  species. 

H.  arenaiins  (Slabber)  (Fig.  580).    Length  18  mm.;  color  whiti^: 
Georgia  to  Cape  Cod;  on  the  seabeach  near 
hi^-water    mark,    where    it    burrows    with 
great  rapidity;  Europe. 

Fault  3.    AUPELISCIDAE. 

First  antennae  some  distance  in  front  of 
and  at  least  half  as  long  as  the  second;  4      ns.B80--ffBM(*rt«ofwi«ri« 
eyes   usually   present;    last   2   segments   of 

abdomen  fused  together:  a  burrowing  family  with  about  3  genera  and 
40  species. 

Ampelibca  Krdyer.  Telson  divided  by  a  median  cleft;  4  eyes 
present;  first  antennae  about  half  as  long  as  the  second:  about  25  species. 

A.  macrocsphala  Lilljeboi^.  Postero-lateral  margin  of  third  ab- 
dominal segment  elong&l«d;  head  usually  as  long  as  the  fiiat  3  thoracic 
segments;  length  15  mm.;  color  white:  Vineyard  Sound  and  DOrtb- 
wards,  living  in  tubes  in  the  mud;  Europe. 

A.  convreua  Holmes.  Head  considerably  shorter  than  the  first  3 
thoracic  segments;  body  very  compressed;  length  6  mm.:  common  from 
Cape  Cod  to  Cape  Hatteras. 

Family  4.    CALLIOPIIDAB. 
First  and  second   antennae  of  nearly  the  same  length;    periopods 
rather  strongly  built,  the  last  3  pairs  increasing  Huccesaivety  in  length: 
about  15  genera  and  30  species. 
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Ouxionvs  LUljeboTg.  Both  pairs  of  gnathopods  lai^  and  of 
eqaal  size;  terminid  abdominal  Begment  slender  and  not  split;  2  species, 

0.  IsTiiiBcnliu  (Kroyer)  (Fig.  581).  First  and  second  antennae  of 
nearly  the  same  length;  eyee  large;  length  16  mm.;  color  light  green: 
Cape  Hatteras  to  Greenland,  in  tide  pools 

and  among  seaweed;  Europe;  North  Pacific. 

Faiolt  B.    0AHMABIDA£. 

Both  poire  of  antennae  long,  the  first 
antennae  usually  longer  than  the  second  and 

with  a  secondary  flagellum  which  is  a  amaU  "''  '^Ll'p^SSli'erSf^''***" 
side  branch  of  it;  mandible  with  a  palp; 

both  pairs  of  gnathopods  usually  of  the  same  size;  terminal  pleopods 
eztenditig  beyond  the  others:  over  50  genera  and  250  species,  largely  in 
fresh  and  brackish  waters. 

Key  to  the  genera  of  Gammaridae  here  described : 
«,  Last  3  abdominal  HegmeDts  with  small  bunches  of  hairs  along  hinder  margin. 

bi  First  3  abdominal  segments  not  extended  behind 1.  Gamuabob 

A,  First  3  sbdominal  segments  each  extended  behind  as  an  acute  tooth. 

2.   CABlNOOAMMABtIS 

Oi  No  such  bnnchea  of  hairs  on  these  segments S.  Elasuopus 

1.  GAJauxim  Fabricius.  Telson  deeply  cleft;  last  3  abdominal  seg* 
ments  with  bnnches  of  small  hairs:  over  30  species;  in  salt  and  tiesh 
water;  6  freeh-water  species  in  the  United  States. 


Fig.  SS2  Fig.  BS8 

Sic.  B82 — Oammanu  totmtia  (Panlmeler).   Fig.  583 — OaaimanM  /ootatM  (Panlmeier). 

O.  locnsta  (L.)  (Fig.  582).  First  antennae  longer  than  the  second; 
secondary  flagellum  with  about  8  joints;  length  20  mm.;  color  greenish: 
Arctic  Ocean  to  New  Jersey,  being  very  common  under  stones  and  in 
aeaweed  along  the  seashore;  Europe. 

O.  annnlatiu  S.  I.  Smith.  First  antennae  shorter  than  the  second; 
length  15  mm. ;  no  lateral  hairs  on  the  fourth  abdominal  s^ment :  Long 
Island  Sound  to  Bay  of  Fundy, 
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Q.  fasciatni  Say  (Fig.  583).  First  snd  second  antennae  of  about 
the  same  leu^h;  length  15  nun.;  color  whitish:  common  in  fresh-wat«r 
ponds  and  streams,  it  and  Hyalella  dentata  being  the  common  freah-wattf 
amphipods  in  the  eastern  states. 

2.  CAUKOOAlOCABira  Stebbing.  Telson  deeply  cleft;  last  3  abdom- 
inal segments  with  bunches  of  small  hairs  and  first  3  each  with  a  dorsal 
backwards  projecting  spine:  about  9  qiecies. 

0.  mDCTonatiu  (Say)  (Fig.  684).  Antennae  of  the  sam«  length; 
length  15  mm.;  color  greenish:  Cape  Cod  to  Florida,  common  among 
tigae  and  in  brackish  water. 


FlK.  S84  Els.  BSB 

Fit.   BB*~Cariiiogammarut   miteronatut    (Paalmeler).    gif,   BS.*! — glatamput  Ivvto 
(Pkulmeler). 

S.  Elasmopitb  Costa.  First  antennae  twice  as  long  as  the  second; 
first  3  abdominal  segments  very  large,  last  3  small  and  bent  beneath 
them:  about  9  species. 

R  l«Tls  (S.  I.  Smith)  (Fig.  585).  Last  3  pairs  of  abdominal  ap- 
pendages short  and  thick;  length  10  mm.;  color  brownish;  first  gnathopods 
small,  second  large:  Cape  Cod  to  New  Jersey,  nnder  rocks  and  among 
seaweeds  near  low-tide  mark. 

Faiclt  8.    PHOTroAE. 

First  antennae  with  or  without  a  small  secondary  flagellnm  and  longer 
than  the  second;  mandible  with  a  long  palp;  second  gnathopods  larger 
than  the  first :  10  genera  and  about  40  species. 

LxPTOOKXlBTrB  Zaddach  (PtUochetnu  Stimpson).  Terminal  pleopods 
biramose;  both  pairs  of  gnathopods  large  and  chelate;  first  antennae  with 
a  minute  secondary  flagellum:  6  species. 

L.  piagiiu  Stim.  Body  thick,  and  variegated  in  color;  length  J3 
mm.:  New  Jersey  to  Labrador;  eomnon  pn  muddy  bottoms. 
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Fjudly  7.    AUFHITHOIDAE. 

T^ist  flnteimae  with  or  without  eecondary  flagellum  and  about  the 
same  length  as  the  second;  gnathopods  la:^)  the  second  being  larger 
than  the  first;  last  pair  of  ah- 
dominal     appendages     end     in 
books:   about   6   genera  and   30 
species. 

AltPRlTHoif  Leach.  First 
antennae  without  secondary  flagel- 
Imn;  head  without  rostrum;  man- 
dible  with  palp:  17  species.  iDg.  SS6 — Amptutliot  vaMo  (Pmalmeler). 

A.  vallda  S.  I.  Smith  (Fig. 
586).     Antennae  of  abont  equal  length  and  less  than  half  as  long  as 
body :  New  Jersey  and  Long  Island   Soond  nnder  -  rocks  and  among 
seaweed. 

A.  longimana  Smith.  First  antennae  as  long  as  the  body;  gnathopods 
stout  and  elongate;  length  9  mm.: 
common;  Cape  Cod  to  New  Jersey, 
among  eel-grass. 

Faiclt  S.    COBOPHIIDAE. 

Body  depressed  and  abdomen 
small;  first  antennae  with  or  without 
secondary  flagellnm ;  second  antennae 
very  large:  about  U  genera  and  45 
species;  tube-dwelling. 

1.  OoaoFBinx  Latreille.  Mandibular  palp  two- 
jointed;  no  secondary  flagellnm;  second  antennae  enor- 
moosly  developed  in  the  male;  gnathopods  feeble:  12 
species. 

0.  cylindilcnm  (Say)  (Fig.  587).  Length  5  mm.; 
color  light,  sometimes  with  spots:  Maine  to  New 
Jersey,  living  free  or  in  tubes  in  the  mnd  or  in 
sponges,  etc. 

2.  Umioola  Say.  Body  depressed;  first  antennae 
with  secondary  flagellnm  and  a  little  longer  than  the 

second;  telson  lamellar,  rounded:  8  species.  Fig. CSS 

U.  Irrorata  Say   (Fig.  5S8).     Color  red,  mottled  (P&aimel«r). 

with  white;  length  15  mm.;  body  broad;  rostmm  dis- 
tinct;  Labrador  to  New   Jersey;   common  on  sandy  or  rocky  bottoms, 
living  in  tabes,  often  not  of  its  own  constmction. 
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Familt  9.    OHELUBIDAE. 

Body  cylindrical;  first  antennae  short,  with  secondary  flagelliim; 
second  antennae  longer  than  the  first  and  with  blade-like  flagellum;  4 
abdominal  segments;  3  pairs  of  caudal  stylets  present,  the  last  pair 
being  nearly  as  long  as  the  rest  of  the  body,  but  shorter  in  the  female: 
1  genus. 

Cheltt&a  Philippi.    With  the  characters  above  given:  1  species. 

C.  terebrans  Pliil.  Length  6  mm.:  New  England  coast,  boring  in 
submerged  timbers,  and  often  doing  great  damage;  Europe. 

Suborder  3.    CAPRELLIDEA. 

But  6  free  thoracic  segments ;  abdomen  very  rudimentary ;  body  very 
elongate :  2  families  and  about  65  species. 

Family  GAPBELLIDAE. 

Body  slender  and  cylindrical;  first  antennae  longer  than  the  second; 
gills  confined  to  third  and  fourth  free  thoracic  segments,  on  which 

the  legs  may  be  wanting:  2  genera,  which  live  among 
seaweeds  and  on  hydroids,  holding  on  by  the  3  pairs  of 
long  posterior  thoracic  legs,  with  about  50  species. 

1.  Oapbella  Lamarck.  Five  pairs  thoracic  legs; 
mandible  without  a  palp;  gills  and  no  legs  on  the  second 
and  third  free  thoracic  segments;  abdomen  reduced  to  a 
small  knob  bearing  a  pair  of  rudimentary  legs  in  the 
male:  many  species. 

0.  geometrica  Say  (Fig.  589).  Head  with  an  ante- 
riorly projecting  spine;  antennae  of  nearly  the  same 
length;  length  15  mm.;  color  variable:  Cape  Cod  to 
Virginia;  very  conmion. 

2.  JEdZVEiXA  Broeck.  Like  Caprella  but  with  a  palp 
on  the  mandible:  several  species. 

A.  longicomis  Eroyer  (Fig.  590). 
First  pair  of  antennae  twice  as  long 
as  the  second;  body  either  smooth  or 
spiny;  length  16  mm.;  color  variable: 
Labrador  to  New  Jersey;  Europe. 


'Ms' 
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Fig.  589 
Caprella 
eometrica 
aulmeier). 


Fig.  590 — XgineUa  Umffioormit 
(Paalmeler). 


Order  2.    ISOPODA.* 

Body  usually  flattened  dorsoventrally  and  with  gills  on  the  abdomi- 
nal appendages;  the  anterior  pairs  of  pleopods  usually  more  or  less 

*  See  "Synopsis  of  North  American  Isopoda,"  by  Harriet  Richardson,  Am.  Nat., 
Vol.  34,  pp.  207  and  295.    "Monograph  of  the  Isopods  of  North  America/*  bj 
Bull.  U.  S.  Natl.  Mus.,  No.  54,  1905. 


ISOPODA  373 

lamellar  and  funetioning  as  gills  or  lungSi  while  the  last  pair,  which 
are  called  uropods  (Fig.  602)  and  have  a  distinct  ezopodite  and  endopo- 
dite,  are  elongated  and  function  as  feelers  or  as  swimming  fins:  about 
IS  families  and  over  2,300  species,  which  are  small,  creeping  or  swim- 
ming animals,  most  of  them  marine,  living  under  stones  along  the  sea- 
shore and  among  seaweed  or  parasitic  on  fish;  a  few  live  in  fresh  water, 
while  several  very  familiar  species  are  terrestrial. 
Key  to  the  families  of  laopoda  here  described : 

Oi  First  pair  of  legs  chelate 1.  Tanaidak 

Ob  First  pair  of  legs  not  chelate. 

fri  Uropods  lateral. 

Ci  Uropods  with  telson  forming  a  caudal  fin ;  pleopods  mostly  natatory. 

di  Exopodite  of  uropod  arches  over  base  of  telson 2.  Anthubxdai 

1^  Exopodite  of  uropod  does  not  thus  arch. 

€^  Abdomen  composed  of  6  segments. 

/t  Both  branches  of  uropod  well  developed. 

ffi  Not  parasitic ;  body  more  or  less  cylindrical ;  eyes  usually  small. 

^  ^  3.  CiBOLAinDAn 

fft  Parasitic  on  fish. 

i^  Body  broad  and  flattened ;  first  3  pairs  of  legs  prehensile.  .4.  ^oidae 

h^  Eyes  large ;   legs  all  prehensile 5.  Ctmothoidae 

/t  The  2  branches  of  uropod  not  of  same  length,  the  exopodite  being 

minute ;  animal  bores  in  wood 6.  LiMNORnoAE 

€t  Abdomen  composed  of  2  segments 7.  SPHABOiaoAB 

Ot  Uropods  arch  over  the  other  pleopods,  covering  them 8.  Idotheidab 

h^  Uropods  terminal.  * 

C|  Animals  aquatic. 

dx  First  antennae  much  smaller  than  the  second,  but  not  minute. 

«!  Animals  not  parasitic. 

fi  Fresh-water  forms   9.  Asvujdas 

/,  Marine  forms 10.  Janibidak 

6t  Animals  parasitic  on  decapods 15.  Boptbioab 

d.  First  antennae  minute  and  not  easily  seen 13.  Liotdidas 

Ot  Animals  terrestrial  (occasionally  aquatic). 

di  Cannot  roll  itsdf  into  a  ball  (except  CyUsticuB  convestug), 

6|  End  segment  of  abdomen  pointed  or  angular 11.  ONiscmAB 

Ct  End  segment  truncate  or  indented ...  14.  TsiCHONiscmAl 

di  Can  roll  itself  into  a  ball 12.  ABMADiixmmAB 

Family  1.    TANAIDAE. 
Body  more  or  less  cylindrical,  with  6  free  thoracic 
segments;  first  pair  of  legs  chelate;  abdominal  append- 
ages, when  present,  natatory ;  gills  on  the  thoracic  append- 
ages: about  16  American  species;  marine. 

1.  Tavais  Audouin  and  Edwards.     Only  3  pair  of 

•^         ^  Fig.  591 

pleopods  present;  uropods  uniramose  and  short:  5  Amer-    TanaUcavoUni 
:  .  '  (Harger). 

lean  species. 

T.  cayolini  Milne-Edwards  (Fig.  591).    Body  slender,  abdomen  with 

5  segments;  uropods  3-jointed;  length  4  mm.;  width  1  mm.:  Greenland 

to  Long  Island  Sound ;  in  shallow  water  on  piles  and  among  seaweed. 
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Fig.  592 

Leptochela 

tavignyi 

(Harger). 


2.  LXPTOOKSLA  Dana.  Male  with  large,  female  with  small  chelae; 
5  paiiB  of  pleopods  present;  uropods  biramose;  eyes  present:  5  American 
species. 

L.  savignyi  (Kroyer)  (Fig.  592).  Chela  of  male  elongated;  ezopo- 
dite  of  uropods  composed  of  1,  endopodite  of  6  s^^ments; 
length  2  mm.;  color  white:  New  Jersey  to  Cape  Cod; 
among  seaweed  and  at  the  surface;  Europe. 

Faicilt  2.    ANTHUBIDAE. 

Body  cylindrical  and  elongate,  with  7  free  thoracic 
segments;  abdomen  relatively  short,  with  its  anterior 
somites  often  fused  together;  uropods  lateral,  large,  and 
expanded,  the  outer  branch  (ezopodite)  arching  over  the 
telson:  about  15  species,  9  American. 

Otatkitxa  Norman  and  Stebbing.    First  5  abdominal 
segments  fused   together  so  as  to  resemble  an  eighth 
thoracic ;  maxillipeds  3- jointed :  1  American  species. 

0.  carinata  (Kroyer)  (Fig.  593).  Both  pairs  of 
antennae  short  and  thick  and  with  few  hairs;  length  18 
mm.;  breadth  2  mm.;  color  brownish  or  yellowish:  New 
Jersey  to  Greenland ;  on  sand  and  mud  bottoms  in  shallow 
water  and  among  seaweed;  Europe. 

Familt  3.    CntOLANIDAE. 
Body  semicylindrical  and  broad;  abdomen  composed  Fig. 693 

•^  "^  Cvathura 

of  6  segments;  uropods  lateral,  forming  with  the  telson  a  carinata 

/  o  (Harger). 

caudal  swinmiing  fin:  23  American  species. 

OiBOXJUTA  Leach.  First  3  paii*s  of  legs  prehensile,  last  4  pairs 
ambulatory;  first  and  second  pair  similar  to  each  other: 
14  American  species. 

0.  conchanun  (Stimpson)  (Fig.  594).  Length  23  mm.; 
breadth  8  mm.;  telson  triangular;  base  of  uropods  is 
extended  posteriorly  beneath  the  mai^in  of  the  telson 
two-thirds  of  its  length:  South  Carolina  to  Nova  Scotia 
on  muddy  and  sandy  bottoms  in  shallow  water,  feeding 
on  the  blue  crab  and  other  animals. 


Fig.  594 

Oirolana 

oonoharum 

(Harger). 


Family  4.    .SGIDAE. 

Body  broad  and  more  or  less  flattened ;  head  short  and 
broad,  usually  with  2  very  large  eyes  on  its  upper  surface;  first  3  pairs 
of  legs  prehensile;  uropods  lateral  and  forming  a  caudal  fin  with  the 
telson :  parasitic  on  the  skin  of  fish ;  30  American  genera. 
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iEoA  Leach.    Body  elliptioal  in  outline ;  basal  segments  of  first  anten- 
nae expanded  and  lying  entirely  in  front  of  the  head :    14  American  species. 

A.  psora  (L.).    Salve  bug  (Fig.  595).    Length  16  mm.;  breadth  10 
nun. :  parasitic  on  the  skate,  cod,  halibut,  and  other  fishes; 
nsed  as  a  salve  by  fishermen;  Long  Island  Sound  to 
Greenland;  Gulf  of  Mexico;  Europe. 

Faiolt  5.    CTIiOTHOIDAE. 

Head  triangular,  with  laiige  eyes,  and  extending  over 
the  base  of  the  short  antennae;  all  7  pairs  of  legs  pre- 
hensile, terminating  in  hooks:  parasitic  on  fishes;  over 
100  species,  27  American. 

LrvovsOA    Leach.      Body    elliptical,    more    or    less 
asymmetrical;  first  pair  of  antennae  widely  separated  at  the  base:  5 
American  species. 

L.  OYalis  (Say).  Length  21  mm.;  width  13  mm.: 
parasitic  on  the  gills  and  in  the  mouth  of  the  bluefish  and 
occasionally  of  other  fishes  along  the  Atlantic  coast  south 
of  Cax>e  Cod,  and  in  the  Gulf  of  Mexico. 


Fig.  595 
^ga  p9ora 
(Uarger). 


Flff.596 

Hmnoria 
Ugnorum 
(Harger). 


Familt  6.    LIMNOBIIDAE. 

Body  fiattened  and  with  parallel  sides;  can  roll  itself 
into  a  ball;  antennae  short;  eyes  lateral;  uropods  lateral; 
legs  ambulatory:  1  genus. 

LmKO&ZA  Leach.  With  characters  of  family :  1  species. 
L.  lignonm  (Rathke).    Gribble  (Fig.  596).    Length  3  mm.;  width 
1^  mm. :  Florida  to  Labrador ;  Europe ;  Pacific*  coast ;  makes  burrows 
about  12  mm.  deep  in  submerged  timbers,  causing 
g^at  damage  to  docks,  etc.;  very  common. 

Family.  7.    SPHJBBOMIDAE. 

Body  short,  oval,  and  convex,  and  in  many  species 
can  be  rolled  into  a  ball;  but  1  abdominal  segment 
besides  the  large  telson;  inner  branch  of  uropod 
immovable:  30  American  species. 

Sphjbboka  Latreille.  Uropods  large,  lateral,  the 
2  branches  being  of  equal  length,  the  outer  margin  of 
the  exopodite  being  denticulate;  legs  ambulatory:  3 
American  species. 

S.  qnadridentatum  Say  (Fig.  597).  Body  can  be  rolled  into  a  ball; 
length  8  mm.;  width  4  mm.;  color  dark  and  variable:  Florida  to  Cape 
Cod;  under  stones  between  tide  lines. 


Fig.  597 

Sphwroma 

quadrldentatum 

(Harger). 
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Family  8.    IDOTHEIDAE. 
Bod;  more  or  less  broad  and  flattened ;  often  elongate;  abdominal  aeg- 
ments  partially  or  completely  fused;  uropoda  lateral,  arching  over  and  eoV' 
ering  the  other  pleopods  under  the  abdomen :  about  90  species,  40  Americaii. 
Key  to  the  genera  of  Idotheidae  here  described: 

C,  Side  of  head  cleft  and  extending  beyond  eyes 2.  CnmiNnKA 

d.  Side  of  head  not  extended  in  dorsal  view. 
B,  Second  antennae  with  a  long  flagellum ;  abdomen  of  aereral  aefinents. 

1.  Idothka 
h.  Second  antennae  without  a  long  flagellnm ;  abdomen  a  single  legment. 

c.  Second  antennae  not  much  longer  than  head 3.  Bdotka 

o.  Second  antennae  verj  much  longer  than  head 4.  BaiCHSOSKixa. 

1.  Idotsea  Fabricius.  Second  antennae  with  a  long  flagellum  and  mueli 
larger  than  the  first;  legs  all  alike;  abdomen  composed 
of  3  complete  and  1  partial  segment:  8  American  species. 
I.  baltica  (Pallas)  (/.  manna  L.;  I.  irrorata  Say) 
(Fig.  598).  Length  20  mm.;  width  7  mm.;  color  often 
green,  but  very  variable;  abdomen  ending  in  three  projec- 
tions: Nova  Scotia  to  North  Carolina;  cosmopolitan;  oa 
seaweed,  in  sand  or  at  the  surface;  common. 

I.  phosphorea  Earger.  Length  21  mm.;  width  7  mm.; 
088  color  variable;  abdomen  tapering  to  a  point;  coast  of 

J*>'g™  baiuea     New  England,  among  rocks  and  seaweed. 

L  metallica  Bosc  (/.  robitata  Eroyer).  Length  18 
mm,;  width  8  mm.;  abdomen  truncate:  entire  Atlantic  coast;  coamo- 
politan;  often  on  floating  seaweed. 


2.  OsiKLDOTXA  Harger.  Second  antennae  usually  with  a  short  fla- 
gellum, sides  of  head  cleft  at  the  eye  and  extending  beyond  it;  flrst  3 
pairs  of  legs  prehensile,  last  4  pairs  ambulatory;  abdomen  composed  of 
4  segments :  2  species. 

0.  c»ca  (Say)  (Fig.  590).  Body  ovate,  with  a  long,  pointed  telson; 
length  8  mm.;  width  4  mm.;  antennae  of  nearly  equal  length;  eyes  small, 
dorsally  placed:  Florida  to  Nova  Scotia;  at  the  surface  or  in  the  sand. 
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3.  EooTSA  Gu^rin.  Second  antennae  of  4  to  6  segments  and  short ; 
abdomen  composed  of  a  single  segment;  legs  prehensile:  3  species. 

£.  triloba  (Say)  (Fig.  600).  Length  7  nmi.;  width  3  mm.:  New 
Jersey  to  Maine;  under  stones  and  decaying  algae,  in  muddy  places 
along  the  shore. 

4.  Ebiohsovslla  Benedict.  First  antennae  short;  second  antennae 
long  and  composed  of  6  segments;  abdomen  composed  of  a  single  seg- 
ment; legs  ambulatory:  3  American  species. 

£.  fUiformifl  (Say)  (Fig.  601).  Length  8  mm.;  width  3  nmi.:  At- 
lantic coast,  south  to  Cape  Cod ;  in  sand  and  among  algae  in  shallow  water. 

Familt  9.    ASELLIDAE. 

Body  flattened,  with  7  free  thoracic  segments,  and  with  the  ab- 
dominal segments  forming  a  single,  shield-like  plate;  abdominal  append- 
ages exclusively  branchial  and  numbering  4  or  5  pairs;  uropods  terminal 
and  biramose:  principally  fresh-water  animals;  17  American  species. 

Key  to  the  genera  of  Asellidae  here  described: 

Os  Eyes  present. 

hx  Last  6  pairs  of  legs  uniungaiculate. •••• 1.  Asellus 

hi  Last  6  pairs  of  legs  biunguiculate 2.  Mancasellus 

Og  Eyes  absent ;  cave-dwellers 3.  Gacidotba 

1.  AasiLlTB  Geoffrey.  Abdomen  about  as  broad  as  long;  legs  uniun- 
gxdeulate;  mandible  with  a  palp:  7  American  species;  in  fresh  water. 

A.  oommunis  Say  (Fig.  602).  Length  15  mm.;  breadth  5  mm.;  first 
antennae  short,  second  long;  first  pair  of  legs  prehensile  and  subchelate, 
the  others  ambulatory,  the  last  3  being  longer  than  the  others:  eastern 

United  States;  the  conmionest  

fresh-water    isopod,     occurring         ^^CflBHiSBBB91Sr''''*><wf 
generally  among  vegetation.  ^^^^^\^^i 

2.  Mavoasellits    Harger.  c 
Abdomen    about    as    broad    as 
lone;  mandible  without  a  palp;        ^^^r  602--Diagrani  of  AseUuBcommuMB, 

Avugy  uM»uvtAM«v   *TAvuvu»  a  F«'F9        showing  the  internal  organs   (McMurricb). 

last    6    pairs    of    legs    biun-       J»    second   antenna;    2,    first   antenna ;     3, 
«»•»»    w    ^MAJ-o    V*    x^go    i/*«  brain;    4,  stomach;    6,  mandible;    6.  maxll- 

guiculate:    6   species;   in    fresh      ttn^.'io' i?pod?^nf  kifs.  *"^*'**  ».  mtes- 
water. 

M.  macronms  Garman.  Length  12  mm.;  breadth  5  mm.;  first  pair 
of  legs  subchelate,  the  others  ambulatory ;  side  of  the  head  cleft  near  the 
eye:  central  United  States  east  of  the  Mississippi,  often  in  caves. 

3.  Ojboidotea  Packard.  Body  elongate  and  narrow;  eyes  wanting; 
abdomen  much  longer  than  broad:  4  species;  in  caves  and  similar  places. 

0.  stygia  Pack.  Length  10  nun.;  width  2  mm.;  first  pair  of  legs 
prehensile,  the  hand  being  armed  with  2  long  and  3  short  teeth:  central 
United  States;  in  caves  and  deep  wells. 
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Familt  10.    JANIBIDAE. 

Body  flattened  and  similar  to  the  Aaellidae,  with  the  side  of  the  head 
usnally  expanded  under  the  eye;  first  pair  of  abdominal  appendages  in 

the  female  form  a  single  large  opercular  plate,  and 
in  the  male  together  with  the  second  pair  form 
a  compound  operculum:  20  American  species; 
marine. 

1.  JjE&A  Leach.  First  pair  of  antennae  veiy 
small;  nropods  very  small:  2  American  species. 
J.  marina  (Fabricius)  (Fig.  603).  Body 
oval,  5  mm.  long,  2  mm.  wide,  and  very  variable 
in  color,  usually  being  mottled  gray;  legs  ambu- 
latory and  triunguiculate :  coast  of  New  England; 
^^*  ^CBtSmt)  *******     Europe ;  common  between  tide  lines  under  stones 

and  seaweeds. 
2.  JAvntA  Leach.    First  pair  of  antennae  and  uropods  well  devel- 
oped; side  of  head  not  expanded,  or  but  slightly  so:  5  American  species. 

J.  alta  (Stimpson)  (Fig.  604).  Length  7  nun.; 
width  2  mm.;  legs  biunguiculate :  Atlantic  coast  from 
Nova  Scotia  to  Virginia,  from  low-water  mark  to  500 
fathoms. 

Family  11.    ONI8CIDAE. 

The    sow    bugs.      Terrestrial    isopods    with    an 
elliptical  body,  which  is  more  or  less  flattened  and 
cannot  be  rolled  into  a   ball    (except  Cylisticus  con- 
vexus) ;  first  antennae  minute;  second  antennae  long;        Fig,  904 — Jamim 
thorax  with  7  and  abdomen  with  6  free  segments; 
legs  ambulatory;  5  pairs  of  pleopods  are  respiratory  plates,  the  second 
pair  in  the  male  terminating  in  a  pair  of  long  slender  stylets;  uropods 
long  and  terminal:  common  under  logs,  etc.,  and  in  other  dark,  damp 
places  on  the  land;  200  species,  30  American. 

Key  to  the  genera  of  Oniscidae  here  described : 

o,  Antennae  ending  with  3  short  segments  forming  the  flagellnm. 

bi  Abdomen  not  abruptly  narrower  than  thorax 1.  Onisgub 

hf  Abdomen  abruptly  narrower  than  thorax 2.  PHiLOSOia 

0,  Antennae  ending  with  a  flagellum  of  2  short  segments. 
fti  Abdomen  not  abruptly  narrower  than  thorax. 

0i  Body  convex,  can  be  rolled  into  a  ball 8.  Gtubticus 

0^  Body  flattened,  cannot  be  rolled  into  a  ball 4.  Pobcbxijo 

hg  Abdomen  abruptly  narrower  than  the  thorax 5.  Mbtqpoivobthus 

1.  OMiBOrre  L.  Body  broad,  flattened,  with  a  granulated  or  tuber- 
culated  surface;  antennae  ending  with  3  short  segments;  side  of  head 
extended  beneath  the  eyes:  1  species. 
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0.  anlliu  L.  (Fig.  605).    Length  16  nun.;  width  8  mm.;  color  deep 
slate,  spotted  with  white,  and  white  along  the  lateral  edges :  eastern  and 
central  etatea;  Europe;  common  oniler  bark  of  fallen 
trees,  logs,  stones,  etc. 

2.  PmLOBOU  Latreille.  Second  antennae  ends 
with  3  ^ort  segments;  side  of  head  not  extended 
under  the  eyee ;  abdomen  abrnptly  narrower  than  the 
thorax:  7  American  species. 

P.  TitUto  Say  (Fig.  606).  Length  8  mm.;  width 
4  nun.;  color  usually  dark  brown  with  2  darker 
median  stripes:  along  the  seashore  from  New  Jersey 
to  Cape  Cod,  nnder  stones  and  hoards  above  high  tide. 

S.  OtUSTIOITS  Schnitzler.  Body  rather  elongate,        _      „,    „  , 
smooth,  very  convex,  and  able  to  be  rolled  into  a      atauiu  (Paulmeler). 
ball;  head  with  lateral  lobes;  second  antennae  long, 

ending  with  2  short  segments;  nropods  long:  1  Amer- 
ican species. 

0.  convexns  (DeQeer)  (Fig.  607).  Let^h  12  mm.; 
width  5  mm.;  color  brown  or  dark  gray,  spotted  with 
white:  eastern  and  central  states;  Europe;  under  logs 
and  stones  in  rather  dry  places. 

i.  PoBOKLLio  Latreille.  Body  oval,  flattened;  head 
with  lateral  lobes;  second  antennae  long,  ending  with  2 
short  segments;  nropods  long;  respiratory  plates  of 
either  the  first  2  or  all  5  pairs  of  pleopods  provided 
with  tracheae:  6  American  species. 
P.  rathkel  Brandt.  Body  granulate,  10  mm.  long  and  5  mm.  wide, 
yellowbh-brown  in  color  with  numerous  black  folotehes  and  two  lateral 


FI»eOT  FlK.608  Fig.eoe 

Fig.  60T — OyUttlcut  DonreTHa  (pHulmeler).    FXg,  608 — PorceUlo  tcaier  (Padliqder). 
Fig.  eOB — MetopoimrthHM  pnilnonM  (paulioeler). 

and  usually  a  median  light  stripe:  eastern  and  tsentral  states;  Europe; 
common  under  boards,  stones,  etc. 
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P.  scftbtt  Lat.  (Fig.  608).  Body  covered  with  miniito  tubercles,  12 
mm.  long,  7  mm.  wide,  of  unifonn  black  color,  without  spots  or  blotches: 
entire  America;  eoemopolitan;  under  bark,  logs,  etc. 

P.  IsTil  Lat.  Body  smooth  or  minutely  granulate,  15  mm.  long,  8 
mm.  wide,  dark  gray  in  eolor  with  2  wavy  median  lighter  bands:  entire 
America;  cosmopolitan. 

5.  UsTOFOXOSTKini  Budde-Lnnd.  Body  oval,  flattened,  withont  lat- 
eral lobes;  second  antennae  long,  ending  in  2  short  segments;  abdomen 
abruptly  narrower  than  thorax;  uropods  long:  4  American  species. 

H.  pminoBUS  (Brandt)  (Fig.  609).  Length  9  mm.;  width  4  nun.; 
eolor  reddish-brown  in  the  hinder  and  lateral  portions,  and  lighter  in 
the  other  portions:  entire  America;  cosmopolitan;  under  logB,  ete. 

Fault  12.    ASHADILLIDIDAE. 

Body  convex  and  able  to  be  rolled  into  a  ball;  first  antennae  minute; 
second  antennae  short;  oropods  short  and  not  extending  beyond  the 
terminal   segment:    terrestrial;   6  genera 
and  23  American  species. 

AuusrLLisiiTic  Brandt.  Pill  bugs. 
With  the  characters  of  the  family;  ezopo- 
dite  of  uropod  large  and  lamellar;  ter- 
minal segment  triangular:  2  species. 

A.  TTiUare  (LatreiUe)  (Fig.  610). 
Length  16  mm.;  width  8  mm.;  color  black 
or  dark  gray  with  rows  of  indistinct  spots;  entire  America;  cosmo- 
politan: under  stones,  etc.,  in  damp  places. 


PuiiLT  13.    LIOTDIDAE. 

Body  elliptical  or  elongate;  first  antennae  minnte;  second  antennae 
long,  with  numerous  small  terminal  segments;  buccal 
mass  prominent;  uropods  long:  marine;  2  genera  and 
12  American  species. 

LiQTSA    Rafinesque.      The    two   branches   of  the 
uropods    of    about    equal    length    and    styliform: 
American  species. 

L.  exotica  (Kouz)   (Fig.  611).    Body  eloi^te,  48 
mm.  long   (with   uropods),  14  mm.  wide:  Florida  to  fIk.811 

North    Carolina;    California;    cosmopolitan;    among       ^iBthliSKn^r 
rocks  and  on  piles  and  docks;  common. 

L.  oceanlca  (L.).     Body  oval,  22  mm.  long  (with  nropods),  8  mm. 
wide,  and  with  a  granotate  surface:  New  England;  Europe. 


leoonn  antennae 
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Fahily  u.   tbichonibgedae. 

Body  elliptical,  elongate;  first  antennae  minnte;  second  antennae  end- 
ing with  3  or  6  small  Begments;  abdomeo  not  pointed  behind,  bnt  truncate 
or  indented;  the  2  branches  of  each  nropod  of  abont  the  same  length:  4 
American  species;  terrestrial  or  in  fresh  water. 

TsiOHOKiBOiTi  Brandt.  Head  rounded  in  front;  eyes  small,  composed 
«ach  of  3  ocelli;  second  antennae  long;  abdomen  abruptly  narrower  than 
thonuc:  2  specie. 

T.  pnaillns  Br.  (Fig.  612).  Length  3  mm.;  width  1 
mm.;  body  smooth:  entire  North  America;  Europe; 
under  mosa,  in  the  woods. 

Family  15.  BOPTEIDAE. 
Parasites  of  decapods;  male  and  female  animab 
dissimilar,  the  female  being  asymmetrical  and  broad,  and 
sometimes  much  deformed,  the  male  more  slender  and 
symmetrical;  antennae  rudimentary;  legs  prehensile:  35 
species,  29  American. 

1.  PmOB0»raim  Qiard  and  Bonnier.  Segments  of  y^^i^ 
abdomen  distinct  in  female,  but  fused,  except  at  the  iHicEardlion) 
edges,  in  the  male;  5  pairs  of  abdominal  appendages; 

nropods  wanting:  parasites  in  the  gill  chamber  of  decapods;  5  American 
species. 

P.  pandaUcob  (Packard).  Body  (of  female)  5  mm.  long,  white  in 
color  with  black  markii^;  the  female  lies  against  the  body  of  the  host, 
the  ventral  side  of  the  thorax  having  the  brood  pouch  with  the  eggs, 
the  much  smaller  male  is  usually  found  clinging  to  the  female:  entire 
Atlantic  coast,  on  Palamonetes,  prodncmg  lai^  tumors  under  the 
carapace. 

2.  PxBTXim  Rathke.  Body  of  female  very  asymmetrical,  one  side 
being  greatly  swollen;  5  abdominal  segments;  the  legs  of  the  longer  aide 
of  the  body  wanting,  except  on  the  first  thoracic  segment,  on  the  shorter 
aide  very  small;  antennae  and  uropods  rudimentary;  abdomen  of  male 
composed  of  a  single  triangular  segment,  without  appendages:  parasitio 
OD  the  abdomen  of  decapods ;  1  species. 

P.  abdomlnalis  (Eroyer).  Body  of  female  9  mm.  long,  7  mm.  wide; 
of  male  3  mm.  long  and  1  mm.  wide :  circnmpolar,  extending  to  Vineyard 
and  Pi^et  Sounds ;  on  the  abdomen  of  Pandatua  and  other  prawns. 

3.  BoTTKon>»l  Stimpson.  Body  of  female  somewhat  asymmetrical, 
with  6  abdominal  segments  and  7  pairs  of  legs,  without  abdominal  ap- 
pendages; abdomen  of  male  forming  a  sii^^le  piece  without  appendages; 
antennae  rudimentary:  1  species. 
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B.  hippoljtes  Kroyer.  Body  of  female  8  mm.  long  and  7  mm.  wide; 
of  male  3  mm.  long  and  1  mm.  wide:  circumpolar,  extending  to  Boston 
and  to  Paget  Sound;  on  the  gills  of  Pandcdus  and  other  prawns. 

Division  3.    TH0BACO8TBA0A.* 

Malacostraca  often  of  large  size  in  which  3  or  more  of  the  thoraeie 
somites  are  fused  with  the  head,  and  the  cephalothoraz  thus  formed  is 
covered  with  a  carapace;  projecting  forwards  from  the  anterior  end  of 
the  carapace  in  most  species  is  the  spike-like  rostrum;  eyes  at  the  end  of 
movable  stalks  or  peduncles  (except  in  the  CunMcea) ;  the  sixth  pair  of 
pleopods  (uropods)  together  with  the  last  body  segment  (telson)  forms, 
except  in  the  case  of  the  crabs,  a  swimming  fin,  by  striking  which  vigor- 
ously beneath  the  body  the  animal  propels  itself  rapidly  backwards; 
the  eggs  and  sometimes  the  you^g  usually  carried  beneath  the  abdomen 
attached  to  the  pleopods,  the  young  in  most  forms  passing  through  a 
metamorphosis  before  attaining  the  form  of  the  parents:  4  orders. 

Key  to  the  orders  of  Thoracoatraca: 

Ot  Carapace  does  not  cover  the  entire  thorax. 

&x  Thoracic  appendages  all  biramose 1.  Schizofoda 

5^  Thoracic  appendages  not  all  biramose.  ,       , 
e^  Abdomen  large  and  wider  than  the  small  cephalothorax . .  .2.  Stomatofoda^ 

Ca  Abdomen  narrow 3.  Gumacba 

Us  Carapace  covers  the  entire  thorax 4.  Dsgapoda 

Ordeb  1.    SCHIZOFODA. 

Body  elongate  and  usually  more  or  less  transparent  and  with  a  thin 
carapace  which  covers  nearly  all  of  the  thorax;  the  8  thoracic  feet  may 
all  support  gills  and  are  biramose,  the  anterior  2  pairs  being  slightly 
modified  to  form  maxillipeds;  eggs  carried  beneath  the  thorax  as  in  the 
Arthrostraca;  young  bom  in  some  species  as  nauplii:  3  families  and 
about  300  species,  mostly  marine;  11  American  species. 

Family  MYSIDAE. 

No  gills  present;  first  2  pairs  of  thoracic  appendages  (maxillipeds) 
shorter  than  the  following  6;  abdominal  appendages  often  rudimentary 
in  female;  the  endopodites  of  the  uropods  bear  each  an  auditory  sac; 
2  to  7  pairs  of  marsupial  plates  beneath  the  thorax  within  which  the 
young  develop:  21  genera  and  90  species,  mostly  marine. 

1.  Mysis  Latreille.  Body  laterally  compressed;  fourth  pair  of  ab- 
dominal appendages  in  male  are  long  stilets;  antennal  scal^  long:  often 
in  swarms  in  the  North  Atlantic;  23  species,  4  American,  1  in  fresh 
water. 

•  See  'Tbe  Stalk-eyed  Cmstaceans  of  the  Atlantic  Coast,'*  etc.,  by  8.  I.  Smith, 
Tnuis.  Conn.  Acad.,  VoL  5,  p.  27, 
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K.  itendapla  8.  I.  Smith  (Fig.  613).  Body  i^lindrieal;  carapace 
with  a  short,  blunt  rostram,  and  with  its  lower  anterior  margin  extended 
to  form  a  sharp  tooth ;  body  bends  between  the  flnt  and  second  abdoitt- 
inal  segments ;  length,  male, 
23  mm.,  female,  30  mm.; 
color  whit«,  with  black  stel- 
late spots:  coast  of  New 
England  and  eoathwards, 
often  common  in  eel  grass. 

H.  rellcta  Lovfin  (Fig.  614).    Body  slender,  18  u 

in  Lakes   Superior  and   Michigan;   Europe   and 
Asia,  in  laige  fresh-water  lakes. 

S.  HXIBBOHTBIS  S.  I.  Smith.  First  pair  of  thoracic 
l^;s  larger  than  the  others 
and  ending  each  with  a 
claw;  antennal  scale  very 
fonall;  abdominal  append- 
ages mdimentary  in  both 
Dent).         •*,  ,     J,        , 

„  _, ,    -,  jf  second      male     and     female:     one 

;    3,  ■eeond  anteDiu. 

apecies. 

E.  formosa  Smith.    Length  of  male  6  mm.,  of  female  8.5  mm.; 
females  rose-colored;  malea  colorless:  coast  of  New 
England,  in  eel  grass  or  often  in  dead  mollusk  shells, 
in  swarms. 


Obd£b  2.  BTOHATOFODA.* 
Body  terge,  with  a  small  flat  carapace  which  does 
not  cover  the  posterior  thoracic  somites,  with  a  broad 
elongated  abdomen  bearing  gills  on  the  appendages;  5 
pairs  of  maxillipeds,  the  second  pair  being  much  larger 
than  the  rest  and  subchelate,  and  3  pairs  of  periopods; 
heart  long  and  tnbtilar;  liver,  testes,  and  ovaries  extend- 
ing the  length  of  the  thorax  and  abdomen,  the  testes 
being  n  pair  of  delicate  tubes  and  the  ovaries  a  broad 
median   band:   10  genera  and   about   90  species,   all 

marine;  often  nsed  for  food.  of  secood  anteniu; ; 

^^       1  -^       ■  4^   second    maillll- 

Sotmu    Fabrieius.       PHve    posterior    thoracic      ged :  fSjperiopodi ; 
samites  not  covered  by  tbe  carapace,  of  which  the  first 
is  very  small  and  the  second  has  a  lateral  spur  on  each  side  and  the  last 
3  bear  the  periopods :  21  species. 


FU-  610 — Saiinta 

mps<a      (PBnl- 

leler).    1,  flntan- 
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S.  empusa  Say  (Fig.  615).  First  antennae  with  3  flagella;  second 
shorter  and  with  a  very  large  flat  scale  (exopodite);  length  up  to  25 
cm.;  color  greenish-gray:  Florida  to  Cape  Cod,  in  shallow  barrows  in 
the  mad,  between  tide  lines  and  in  shallow  water,  each  barrow  asaally 
having  2  or  3  openings  a  few  feet  apart;  often  very  common. 

Obder  3.    OUMAOEA. 

Body  small,  with  a  small  carapace  which  does  not  cover  the  hinder 
4  or  5  thoracic  somites,  and  with  a  long  slender  abdomen;  first  anten- 
nae short;  second  antennae  short  in  the  female  and  long  in  the  male; 
mandibles  without  palp;  2  pairs  of  maxillipeds  and  6  pairs  of  periopods 
present,  2  to  5  pairs  of  the  latter  being  biramose  (small  exopodite  pres- 
ent) ;  the  pleopods,  with  the  exception  of  the  uropods,  wanting  in  the 
female,  while  in  the  male  2  to  5  pleopods  may  be  present;  a  sin^e  pair 
of  gills  on  the  first  pair  of  maxillipeds;  eyes  close  together  and  sessile  or 
wanting ;  the  large  eggs  are  earned  by  the  female  in  a  brood  poach  ander 
the  foremost  free  thoracic  segments  and  the  hinder  part  of  the  can^ 
pace;  the  yoang  animals  are  like  the  parents  in  appearance,  but  are 
vdthout  the  last  pair  of  thoracic  and  all  the  abdominal  1^8  when  bom: 
9  families  and  aboat  300  species,  all  marine  and  living  mostly  in  the  sand 

and  mud. 

Family  DIASTYLIDAE. 

With  the  characters  given  above:  8  American  genera. 

DiABTTLiB   Say.    Seven   abdominal   segments  present,  the   telson 
being  well  develop)ed  and  long  and  pointed;  a  single  eye  or  none;  the 
3  anterior  pairs  of  periopods  in  the  female 
and  the  5  in  the  male  biramose:  numerous 
species,  several  American. 

D.  qnadrispinoBa  G.   O.   Sars    (Fig. 
616).    Length  10  mm.;  body  fiesh  color  or      l^- Ol6-i>i«tjlij^^«adri.piiioa. 

brownish;  a  short  spine  projects  from  the 

carapace  on  each  side  a  little  behind  the  large  triangular  rostrum:  Nova 

Scotia  to  New  Jersey  in  2  to  200  fathoms;  often  veiy  common. 

Order  4.    DECAPODA. 

Shrimps,  crayfish,  lobsters,  and  crabs.  Thoracostracans  in  Y^di 
the  carapace  covers  the  entire  thorax,  the  cephalothorax  being  cylindrical 
in  the  Macrura  and  broad  and  more  or  less  flattened  in  the  Brachyura; 
gills  on  the  thorax,  extending  either  from  the  legs  (podobranchs),  the 
joints  (arthrobranchs),  or  the  body  wall  (pleurobranchs)  and  situated 
in  the  gill  chamber  on  each  side  of  the  body  (Fig.  623) ;  abdomen  well 
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developed  in  the  f  onner  group  and  small  and  bent  under  the  cephalo- 

thorax  in  the  latter;  3  pairs  of  maxillipeds  and  5  pairs  of  periopods 

present;  first  pair  of  periopods  (cbelipeds)  usually  much  larger  than  the 

others  and  chelate,  forming  the  pinching  claws  (chelae) ;  other  periopods 

also  often  chelate ;  eggs  and  sometimes  the  young  carried  on  the  pleopods : 

about  6,000  species,  mostly  marine;  the  crayfish,  certain  crabs,  and  a  few 

others  being  fresh-water  or  terrestrial  animals;  2  suborders. 

Key  to  the  suborders  of  Decapoda: 

Hi  Body  more  or  less  cylindrical  and  elongate;    antennae  long;    tail  fin 

usually  present 1.  Macbuba. 

o,  Gephalothorax  short  and  broadt  with  the  abdomen  bent  under  it ;  crabs. 

2.  Braohtura 
SuBOBDEB  L    MACBURA.* 

Body  more  or  less  cylindrical  and  elongate  with  a  well-developed 
abdomen,  at  the  hinder  end  of  which  is  usuaUy  a  swimming  'fin  formed 
of  the  sixth  pair  of  pleopods  (uropods)  and  the  telson;  antennae  well 
developed  and  usually  long,  the  first  antenna  having  2  or  more  flagella, 
the  second  usually  with  an  antennal  scale;  the  young  are  bom  as  nauplii 
in  Peneus  and  Lucifer,  but  in  most  other  forms  in  a  more  advanced  larval 
stage :  about  10  American  families  grouped  in  4  tribes. 

Key  to  the  tribes  of  Macrura: 

Hi  Last  pair  of  thoracic  feet  normal ;  swimming  fin  present. 
hx  Slirimps  and  prawns;    body  rather  small  and  transparent;    antennal 

scale  large  (Fig.  617) 1.  Cabidea 

^3  Burrowing  marine  animals  of  moderate  sise;    antennal  scale  usually 

absent 2.  Thalassinidea 

5,  Crayfish  and  lobsters ;  body  of  moderate  or  large  size,  with  small  anten- 
nal scale,  or  none 3.  Astacidea 

Os  Last  pair  of  thoracic  feet  reduced  and  projecting  upwards ;  no  swimming 

fin ;  hermit  crabs,  etc 4.  Anomuba 

Tbibb  L    OABIDEA-t  (Macbuba  natantia.) 

Shrimps  and  prawns.  Small  forms  with  a  compressed  and  more  or 
less  transparent  body;  carapace  smooth,  without  sutures  and  with  a  long 
rostrum;  antennal  scale  large;  thoracic  legs  usually  long  and  delicate: 
about  17  families  and  several  hundred  species. 

Key  to  the  families  of  Caridea  here  described : 

Ox  First  3  pairs  of  periopods  not  all  chelate. 
hi  Second  pair  of  periopods  only  chelate ;   first  pair  very  stout  and  sub- 

chelate .1.  Cbangonidak 

&a  First  2  pairs  of  periopods  usually  chelate ;  first  antennae  with  3  fiagella. 

2.  PAUEMONmAB 

0i  First  3  pairs  of  periopods  chelate 3.  Peneidab 

*  See  "Embryology  and  Metamorphosis  of  the  Macroura,"  by  W.  K.  Brooks  and 
F.  H.  Herrick,  Mem.  Nat.  Acad.  Scl.,  Vol.  5,  1892. 

t  See  **Synop8i8  of  the  Caridea  of  North  America,"  by  J.  8.  Kingsley,  Am.  Nat, 
Vol.  83,  p.  709,  1899. 
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Familt  1.    GBANOONIDAE. 

Shrimps.  Second  antennae  long,  with  a  large  antennal  scale;  first  pair 
of  periopods  much  stouter  than  the  others  and  subehelate;  second  pair  of 
periopods  small  and  chelate;  mandibles  slender,  not  bifid  or  expanded  at 
the  tip  and  without  a  palp:  marine;  about  10  American  genera. 

Obahoov  Fabricius.  Cephalothorax 
somewhat  depressed;  rostrum  short;  first 
antennae  with  2  flagella :  15  species,  about  8 
American. 

0.  vulgaris  Fabr.  The  edible  shrimp 
(Fig.  617).  Length  5  cm.;  color  light,  with 
dark  markings:  Labrador  to  South  Caro- 
lina; Europe;  Pacific  coast;  common  at  the 
bottom  of  sandy  bays,  in  shallow  water,  often 
buried  in  the  sand. 
(ilJfcs^^^if'fljSraSS  0.  boreas  (Phipps).  Three  median  dor- 

flcale;^  ^^se^nd'anienna?'^^       s^l  spines  on  cephalothorax :  Atlantic  coast  as 

far  south  as  Cape  Cod;  North  Pacific  coast. 

0.  frandsconun  Stimpson.  The  California  shrimp.  Length  7  cm.; 
posterior  margin  of  fifth  abdominal  segment  with  a  spine  on  each  side; 
movable  finger  of  cheliped  long  and  parallel  with  the  hand:  oonunon  at 
Ban  Francisco. 

Faicilt  2.    PALiEMONIDAE. 

Prawns  and  shrimps.  Second  antennae  long,  with  a  large  antennal 
scale ;  first  antennae  with  3  fiagella ;  third  maxillipeds  foot-like ;  mandibles 
with  a  bifid  tip;  rostrum  long  and  usually  serrate:  mostly  marine;  about 
12  American  genera. 

Key  to  the  genera  of  PdUemonidae  here  described : 

Oi  Right  and  left  claws  of  the  first  pair  of  periopods  of  the  same  siie. 
5i  First  pair  of  periopods  shorter  but  Dot  thicker  than  the  second. 
Ci  First  2  pairs  of  periopods  chelate. 

d,  Mandibular  palp  absent 1.  Paljemonetss 

d.  Mandibular  palp  present 2.  Pauemoii 

Ca  First  pair  of  periopods  not  chelate 3.  Pandalus 

5t  First  pair  of  periopods  thicker  than  the  second ;  abdomen  bent  down  at 
the  third  segment. 

Ci  Mandibular  palp  present 4.  Hippqlttb 

Ca  Mandibular  palp  absent 5.  Vibbius 

Ot  Bight  and  left  claws  of  the  first  pair  of  periopods  of  different  sice.  .6.  Alphsub 

1.  PALJBicoirETEB  Heller.  Mandibles  without  palp;  first  2  pairs  of 
periopods  chelate,  the  first  pair  being  smaller  than  the  second:  about  6 
species,  3  American,  in  salt,  brackish,  and  fresh  water. 


^ 
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P.  vnlfftria  (Say).  ConunoD  prawn  (Fig.  618).,  Roetnun  long, 
straight  and  serrate;  length  45  mm.;  body  translncent,  with  brovnish 
spots:  Hassachnsetts  to  Florida;  common  on  rock  weed,  and  eel  grasis 
on  mnddy  bottoms,  often  where  the  water  ia  brackieh  or  fresb. 

F.  palndou  (Oibbee). 
Length  35  mm. ;  rostrum  serrate 
below  as  well  as  above :  in 
fresh-water  lakes  and  streams 
in  eastern  North  America  (Lake 
Erie,  etc.). 

2.    Palbvok 

Fabricius.      Lika  ^  ^ 

'      _y^  Fig.  «18— PoI«m«m(Mt*Iiwl«  (Terrlll). 

Pauemonetes  hot         / 

with  a  3-jointed  mandibulary  palp   (Fig.  619) :  about  70  species,  3 
American;  in  salt  and  fresh  water. 

P.  ohlonla  S.  I.  Smith.  Length  6  cm.;  carapace  about  a  qnarter  the 
length  of  the  body,  with  a  lateral  spine  on  each  side:  Ohio  and  Missis- 
sippi Rivers;  often  used  for  food. 

3.  Pahdalitb  Leacb.  Deep-water  prawns.  First 
and  second  pairs  of  periopods  slender,  the  first 
not    chelate,    the    second    chelate :      10     American 


species. 

P.  montagni  Leach.    Length  10  cm.;  body  with 

"atPaVmmon  transverse   red   stripes;   appendages   thickly  spotted 

'''(^fhT'^  with  red:  Chesapeake  Bay  to  Greenland;  Enrope;  in 

10  to  100  fathoms. 

4.  HiPPOLTTx  Leach.    First  2  pairs  of  periopods  chelate,  the  first 

pair  E^orter  and  thicker  than  the  second;  abdomen  sharply  bent  down 

at  third  segment;  mandibular  palp  present:  nnmerons  species,  about 

30  American. 

H.  pnsiola  KrSyer.    Length  25  n 
pale  gray  or  flesh  color,  brightly  spotted 
with  red,  nsually  with  a  mid-dorsal 
white    stripe,     and     sometimes 
with    transverse    bands   of    red 
and   white:   often   common  on 
rocky  bottoms  in  shallow  water  from  Vineyard  Sound  to  Greenland; 
Europe. 

6.  ViEBnm  Stimpson.    Similar  to  Bippolj/te  but  without  a  man- 
dibnlar  palp:  many  species,  2  American. 

T.  SOstaricoU  S.  I.  Smith   (Fig.   620).     Rostrum  straight  and   aa 
long  as  the  carapace,  the  latter  heiag  smooth  and  with  3  spines  on  am- 
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terior  part;  abdomen  sharply  bent  at  the  third  segment;  length  15  to  26 
mm. ;  color  translucent,  usually  greenish  and  spotted  with  red :  Vineyard 
Sound  and  southwards,  common  in  eel  grass. 

6.  Alpesvb  Fabricins.  First  pair  of  periopods  larger  than  the 
others  and  chelate,  the  right  and  left  claws  of  the  first  pair  being  thick 

and  of  very  unequal  size;  rostrum  small 
or  absent;  abdomen  not  sharply  bent; 
eye  stalks  short  and  hidden:  about 
one  hundred  species,  twelve  American, 
living  principally  along  our  southern 
coasts. 

A.  miniu  Say.     Rostrum  present; 
hinder  feet  with  spines  beneath;  length 
Fig.  e>2i-^M^h^  heterooMUB       4  cm.:  Atlantic  coast  from  New  Jersey 

to  Florida;  southern  Calif omian  coast. 

A.  heterochelis  Say  (Fig.  621).    Large  claw  with  a  constriction  at 

its   middle;   rostrum  spiniform;   length  5  cm.:  Virginia  to  Florida; 

California. 

Family  3.    PENEIDAE. 

Southern  shrimps  and  prawns.  First  3  pairs  of  periopods  chelate, 
the  third  pair  being  the  largest;  rostrum  long;  second  antennae  long,  with 
a  large  scale;  abdomen  compressed  and  not  bent  sharply:  about  2 
American  genera,  marine,  inhabiting  chiefly  the  tropics  and  the  deep  sea. 

Pevetts  Latreille.  Rostrum  serrate;  eye  stalks  jointed;  the  young 
bom  as  nauplii :  3  American  species. 

P.  setifenu  (L.).  A  lateral  groove  on  each  side  of  the  forward  half 
of  the  carapace ;  flagella  of  first  antennae  very  short ;  length  up  to  16  em. : 
common  in  shallow  water  along  the  coast  from  Virginia  southwards, 
where  it  is  an  article  of  food,  the  larger  individuals  being  known  in  the 
market  as  prawns  and  the  smaller  as  shrimps. 

P.  brasiliensis  Latreille.  Like  P.  setifems,  but  with  the  lateral 
grooves  extending  the  length  of  the  carapace:  Atlantic  coast  north 
to  Cape  Cod,  occurring  with  P.  setiferus. 

Tbibe  2.     THAUUEUUNISEA.* 

Animals  of  moderate  size,  with  a  cylindrical  or  flattened  and  trans- 
lucent body  and  a  large  abdomen;  carapace  with  2  longitudinal  sutures; 
antennal  scale  usually  wanting;  flrst  pair  of  periopods  form  pinching 
claws  of  unequal  size:  marine,  burrowing  animals;  3  families  and  about 
75  species. 

•  See  "Synopsis,  of  Astacold  and  Tbalasslnoid  Crnstacea/'  by  J.  B.  Sngtley,  Am. 
Nat,  Vol.  83,  p.  810,  1899. 
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PiiDLT  CALLIANASBIDAE. 
With  the  characters  given  above:  about  7  American  genera. 

1.  Oallumabsa  Leaoh.  Cuticula  soft  and  smooth;  first  2  pairs  of 
periopods  chelate,  the  first  pair  being  large  and  very  unequal  in  size)  eye 
stalks  flattened;  third  pair  of  mazillipeds  flattened:  about  20  species,  6 
American. 

0.  stimpsonl  S.  L  Smith.  Length  6  em.; 
small  oheliped  about  halt  as  long  aa  the  large 
one;  carapace  smooth  and  glossy:  from  Long 
Island  Sound  Bouthwards,  in  burrows  in  the 
mud  between  tide  lines  and  in  shallow  water. 

2.  Okbu  Leach.  Cuticula  soft  and  smooth;         Fis.  622— o«Ma  adinu 
forward  portion  of  cephalothoraz  compressed, 

with  a  triangular,  hairy  rostrum;  second  pair  of  periopods  not  chelate; 
third  pair  of  mazillipeds  pediform:  10  species,  2  American. 

Or.  attnla  Say  (Fig.  622).  Length  10  cm.:  Long  Island  Sound  to 
South  Carolina,  living  in  burrows  in  the  mud  between  tide  lines  and  in 
ebollow  water. 

Tkibi  3.    ASIAOIDBA. 

Lobsters  and  crayflsb  (8^.  023).  Body  of  moderate  or  large  size 
and  with  a  thick  shell;  first  antennae  with  2  flagella,  second  either  with  a 
scale  or  with  none  and  much  loi^r  than  the  flrst;  no  longitudinal 
sutures,  but  usually  a  transverse  cervical  suture  in  the  carapace:  4 
families  and  about  150  species. 

Key  to  the  families  of  Astaddea  here  described : 
«i  AnteDnal  ■cnle  and  chellped  pretent 

b,  AuimalB  marine 1.  Nkphbopsidaz 

1^  Animals  in  Ireth  water S.  Abtacidak 

Of  Antcnnal  scale  and  ch»liped  absent 3.  F.u.initiiidae 

Familt  1.    NGPHBOPSIDAK 

Lobsters.  Body  of  lai^  size;  rostrum  dentate  along  the  lateral 
mai^ns;  first  3  pairs  of  periopods  cbelate,  the  first  pair  very  large, 
forming  the  pinching  claws:  3  genera. 

HOKAavs  Milne-Edwards.  Sostrum  with  3  teeth  on  each  side;  sec- 
ond antennae  with  a  small  scale;  eyes  round:  2  species. 

H.  unerlcanns*  M.-Ed.  American  lobster.  Length  up  to  60  cm.; 
greatest  weight  13  kg.  or  over  28  pounds;  length  of  the  average  adult 
lobster  25  cm. ;  average  weight  less  than  a  kg.  or  about  one  and  three- 
quarters  or  two  poimds;  color  usually  dork  green  with  darker  spots  and 

■  Bee  "Tbe  American  Labater."  etc.,  b;  P.  H.  Herrick,  Bnll.  U.  9.  Flab.  Com.  for 
189ff.     "Natiml  Hlstarj  of  tbe  Amertcao  Lobater,"  by  same,  Boll.  Bureau  Fliib„  Vol. 
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j-ellowish  nnderneath:  Atlantic  coast  from  Labrador  to  North  Carolioa, 
in  shallow  vater  in  sammer  and  io  deeper  water  in  winter.  Lobsters  are 
caught  mostly  oS  the  coast  of  Canada  and  the  New  England  states  and 
an  oar  most  important 
food  crustacean.  The  an- 
nual catch  faas  amounted 
to  over  100,000,000  in 
some  years  but  is  now 
much  less. 

Pamilt  2.  ASTACIDAB." 
Crayfish.  Body  not  so 
large  as  in  previous  fam* 
ily;  rostrum  without  lat- 
eral teeth:  several  genera 
and  over  100  species;  in 
fresh  water. 

Key  to  the  genera  of 
Aatacidae   here  described: 


7     C    8 

FIf.  623 — A,  diagram  of  a  Fravflib  abowloE 
■mngemeDt  af  Internal  organs  (Ucuurricb)  ;  B, 
dlagcam  of  crosi  aectlon  of  the  cepbalotliorai 
■bowing  gill  cbamber ;  C,  Interior  of  gill  cbamber 
«f  Attaout,  tbe  outer  wall  baring  been  remoied 
(SUsaw.  P.  Deut.).  1.  pleurobrancb ;  2,  upper 
artbobrancb ;  3,  lower  artbrobranch ;  4.  Dodo- 
branch  ;    S.  gill  cbamber  ;    6,  plenrobrancb 

S, 


o.  Pacific  slope  craTfish. 

1.    ASTACDS 

a,  Atlantic  atope  and 
MissiBSippi  valley 
crarfi«b.2.  CuiBAjiOB 

1.  AiTAOvs  Fabricius. 


:'y.?"pVr'opX''li).    rao"h;''Yl?'^oina?t?''l2;        A    pair    of    gUls     (pleUTO- 

»er :    la,  heart:    14,  gonad;    IR,  dorul  artery;       > •_■,      _    ., ■ .    .i 

],  Intestine;     li    anils;    IS,  ventral  arler; ;    it,       branchs)    on    the    last    tho- 


DGiTC  cbord  ; '  20,  kldnej.' 


somite     (Fig.     623, 
1  the  Pacific  slope,  the 


C,  6),  and  IS  pairs  in  all :  about  15  species,  5  o 
remainder  in  Europe  and  Asia. 

A.  nigiwceni  Stimpson.  Chelae  naked  on  outer  face;  mai^ins  of 
rostmm  denticulate;  length  10  em.;  color  da.A  greenish:  San  Francisco 
to  Alaska,  near  the  coast;  used  for  food. 

2.  OAKBABUft  Ericbson.     Common  American  crayfish  (Fig.  623). 


•  See  ■'Honocrapb  of  the  North  American  Aataddae,"  by  H.  A.  Hsgen.  Hem.  Urn. 
Comp.  Zool.,  V»I.  3.  ISTO.  "The  CraTSah,"  by  T.  B.  Huiler,  1881.  "A  BerUoD  of 
the  Aataddae."  b;  W.  Faion,  Hem.  Mua.  Comp.  Zool.,  Vol.  10,  18SS.  "ObaervatloDa 
on  the  AaUddae."  etc.,  bj  W.  Fsion,  Proc.  IJ.  8.  Nat.  Hub.,  Vol.  20,  p.  643,  1898. 
"Synopaia  of  the  Astaddae  of  North  America,"  b;  W.  P.  liar,  Am.  Nat.  VoL  33,  p. 
957,  1SS9.  "Tbe  Tonng  of  tbe  Crarhsh  Astacus  and  Cambarua,"  bj  B.  A.  Andrewa, 
SmlthaoDlan  Contrlbntlona  to  Knowledge.  Vol,  35.  p.  1,  190T. 

t  See  "Ecological  Catalogue  of  tbe  Crayflshea  Belonging  to  the  Oenna  Cambaros," 
by  J.  Arthur  Karris,  Kanaaa  Univ.  Set.  Bull..  Vol.  2,  p.  CI,  1903.  "The  CrawOibM 
of  the  State  of  PennaylTanla,"  by  A.  E.  Ortmann.  Memoirs  of  tbe  Carnegie  Museum, 
Vol  2,  p.  343.  IBOO.  "Breeding  HablU  of  the  Ciayllih,"  by  B.  A.  Andrewa.  Am.  Nat, 
Vol.  3S,  p.  16C,  1B04. 
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Fig.  624 — ^The  anterior  abdominal  appendage 
(male)  in  Cambarua  (Ortmann).  A,  (7.  pro- 
pinquua;  B,  C7.  limotus;  C,  O,  hartoni;  D, 
O.  diogenea. 


No  gills  on  the  last  thoracic  somite  and  17  pairs  in  all;  first  pair  of 

swimmerets  bifid  and  often  hooked  at  the  apex  in  the  male:  about  70 

species,  all  in  North  America 

and  east  of  the  Rocky  Moun* 

tains.     The  animals  live  in 

streams,  lakes,  and  swamps, 

resting  under  stones  or  in 

burrows   or    among   aquatic 

vegetation  near  the  surface; 

a  few  species  are  terrestrial, 

living  in  burrows.  Crayfishes 

are  omnivorous  feeders,  eat- 
ing decaying  animal  and  plant  substances,  but  also  living  animals  and 

plants.    Spawning  occurs  in  the  springtime  and  pairing  in  the  fall  in  the 

case  of  C,  diogenea  and  C,  limosua 
and  others,  but  C.  bartoni  and  others 
probably  pair  and  spawn  the  year 
round.  The  eggs  are  carried  by  the 
mother  attached  to  her  abdominal 
legs  until  they  hatch;  the  young  ani- 
mals when  bom  have  the  form  of  the 
parents  and  live  for  a  while  with  the 
mother,  holding  on  to  her  abdominal 
legs  with  their  claws.  Crayfishes  are 
used  for  food  in  New  York  and  other 
large  cities. 

0.  bartoni*  (Fabricius)  (Fig.  624, 
C).  First  pair  of  abdominal  append- 
ages of  the  male  terminated  with  2 
strongly  recurved  tips;  length  8  cm.; 
the  eastern  specimens  have  a  short 
quadrangular  rostrum ;  in  the  western 
specimens  the  rostrum  tends  to  be 
elongate;  body  with  few  or  no  hairs; 
carapace  depressed:  North  America, 
almost  to  the  Mississippi,  but  espe- 
cially along  the  Atlantic  slope,  usu- 
ally in  clear,  small  streams,  but  also 

occasionally  in  muddy  ones  where  it  may  burrow;  one  of  our  most 

widely  distributed  and  conmionest  crayfish. 

^  See  "Notes  on  the  Habits  of  Certain  Crayfish,"  by  C.  C.  Abbott,  Am.  Nat,  VoL 
7.  p.  80.  1873. 


Fig.  625  —  Camharus  peUuoidus 
(Klngsley).  1,  first  antenna;  2, 
second  antenna ;  8,  antennal  scale ; 
4,  periopods;  6,  carapace:  6,  abdo- 
men ;  7,  uropod ;  8,  telson ;  9,  rostrnm. 
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0.  Umosiui  (Rafinesque)  {C.  affinis  Say)  (Fig.  624,  B).  First  pair  of 
abdominal  appendages  of  the  male  terminated  with  2  short,  straight,  diver- 
gent tips;  length  10  cm.;  body  hairy  all  over;  sides  of  carapace  spiny; 
rostrum  broad  with  parallel  sides:  eastern  North  America,  not  west 
of  the  Alleghenies;  common  in  the  larger  rivers,  usually  does  not 
burrow;  the  crayfish  which  is  most  commonly  sent  to  the  New  York 
markets. 

0.  peUnddiis  (Tellkampf)  (Fig.  625).  First  pair  of  abdominal 
appendages  davate,  the  outer  part  being  truncate  and  toothed;  eyes 
atrophied;  length  9  cm.:  in  caves  in  Indiana  and  Kentucky. 

0.  diogenes  Girard  (Fig.  624,  D).  First  pair  of  abdominal  appen- 
dages in  mole  terminate  with  2  strongly  recurved  tips;  rostrum  rather 
slender;  length  8  cm.:  widely  distributed  and  often  common  in  the  entire 
country  east  of  the  Rocky  Mountains ;  preeminently  a  burrowing  species, 
being  found  in  swamps  and  meadows  often  far  from  a  stream;  the  bur- 
rows are  from  1  to  3  feet  deep,  with  an  enlargement  at  the  bottom  filled 
with  water;  often  with  a  chimney  to  the  height  of  several  inches  over 
the  top. 

0.  virilis  Hagen.  First  pair  of  abdominal  api>endages  in  male  acute, 
tapering,  divergent;  length  8  cm.:  common  in  central  states,  in  large 
rivers  and  lakes. 

0.  propinqnus  Girard  (Fig.  624,  A).  First  pair  of  abdominal  appen- 
dages in  male  terminating  in  2  elongate  straight  convergent  tips ;  length 
7  cm. ;  rostrum  with  a  median  ridge :  common  throughout  the  central  part 
of  the  country,  especially  in  large  rivers  and  lakes. 

Faicilt  3.    PALINUBIDAE. 

Spiny  lobsters.  Body  of  large  size;  antennal  scale  absent;  none  of 
the  periopods  chelate:  several  genera. 

PAOTLntxrs  Gray.  Rostrum  absent ;  flagella  of  antennae  long :  several 
species. 

P.  argna  (Latreille).  Florida  crayfish.  First  pair  of  antennae  with 
a  very  long  basal  joint;  body  20  to  40  cm.  long;  color  violet,  red,  and 
brown:  conmion  on  coral  reefs  off  the  Florida  coast;  an  important  article 
of  food. 

Tbibs  4.    ANOMURA. 

Last  pair  of  thoracic  legs  reduced  in  size  and  extend  backwards  and 

upwards ;  a  swimming  fin  usually  not  developed :  2  families,  both  marine. 

Key  to  the  families  of  Anomura: 

Oi  Animals  barrow  in  the  sand 1.  Hippidae 

Ot  Animals  live  in  snail  shells ;  hermit  crabs 2.  PAQuamAS 


Faiolt  L    HIPPIDAE. 

Cephalothorax  cyllDdrical,  with  the  abdomen  bent  under  it;  telson 
triangnlar  and  elon^te;  firet  pair  of  periopods  not  chelate:  3  genera  and 
about  20  Epeeiea,  which  burrow  in  the  sand. 

HlFTA  FabrieioB.  Second  antennae  long  and  fringU,  with  long  bain 
on  its  binder  surface;  eye  stalk  veiy  long:  2  species,  1  American, 

E.  talpoida  Say.  The  sand  bug  (Fig.  626). 
Length  25  mm.;  color  whitish  tinged  with  purple  on 
the  back:  Cape  Cod  to  Florida;  Pacific  coast;  very 
common  on  sand  bottoms  and  beaches,  in  wbich  it 
burrows  with  great  rajadity. 


FuuLT  2.    PAGUBIDAE. 
Hermit  crabs.    Cephalothorax  flattened,  and  with 
a    hard   shell;  abdomen   usually  asymmetrical,  elon- 
gate, and  soft;  eye  stalks  long;  first  pair  of  periopods 
large  and  chelate,  last  pair  reduced  in  size  and  extend- 
ing  backwards    and    upwards,   abdominal    appendages   rudimentary    or 
wanting,  the  last  pair  used  to  hold  the  animal  in  the  snail  shell  in  which 
it  lives.    Allied  to  the  hermit  crabs  is  one  of  the  most  remarkable  terrestrial 
decopod  crustaceans,  Birgua  laUo,  the  palm  crab  of  the  Pacific.     It  lives  in 
holes  in  the  ground  and  seldom  goes  into  the  water,  but  breathes  air,  the  gill 
diamberd  being  converted  by  the  presence  of  a  network  of  blood  capil- 
laries into  luQgB,  while  the  gills  are 
very  small.    Its  food  consists  of  cocoa- 
nuts,  which,  however,  it  does  not  climb 
the   trees   to   get,   as    it    is  popularly 
snpposed  to  do.     The  family  contains 
about  20  genera. 

FASlTXn  FabrieiuB.  First  pair  of 
antennae  short,  second  pair  long;  right 
elaw  usually  the  larger:  the  animal 
lives  in  the  empty  shell  of  some  marine 
snail  which  it  carries  about  with  it,  and 
as  it  increases  in  size  changes  for  a 
laiger  one;  the  shell  is  frequently  more  or  less  covered  with  colonies  of 
a  hydroid,  Eydractinia  echinata,  with  which  it  lives  in  comraensalism, 
the  hydroid  enlarging  the  shell  by  building  up  its  free  edge  and  thus 
saving  the  crab  the  necessity  of  changing  its  abode;  over  100  species, 
P.  longicupus  Say.  Small  hermit  crab.  Chelae  smooth  and  elon- 
gate :  very  common  from  Maine  to  South  Carolina,  usually  inhabiting  the 
shells  of  small  snails  in  rock  pools  and  shallow  water  along  the  beach. 
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P.  polUcaris  Say  (Fig.  627).  I*rge  or  warty  hermit  crab.  Chelae 
covered  with  tubercles,  and  very  wide  and  Btout,  and  nsed  by  the  animal 
to  close  the  opening  of  the  shell:  Maine  to  Florida,  nanally  inhabiting 
the  shells  of  Fulgur,  Natica,  or  other  large  snails  in  deeper  water  along 
the  shores. 

SnaoansR  2.    BRACHYURA. 

Crabs.  Cephalothorax  short  and  broad,  with  the  small  abdomen 
bent  under  it;  abdomen  of  the  male  very  narrow,  with  mdimentary  t^s 
and  fitting  into  a  groove  of  the  ventral  surface  of  the  ceplialothoraz ; 
abdomen  of  the  female  broad,  with  4  pairs  of  weli'developed  biramose 
legs  to  which  the  ^gs  are  attached;  antennae  very  short  and  often  foot- 
like; third  pair  of  maxillipeds  flat  and  plate-like  and  covering  the  other 
mouth  parts;  the  5  pairs  of  periopods  well  developed,  the  flr«t  pair  form- 
ing the  large  pinchmg  claws;  the  abdominal  legs  much  reduced,  from  1  to 
4  pairs  being  present;  no 
uropods  present;  young  nsu- 
ally  bom  in  the  zocea  stage 
and  pass  through  the  mega- 
lopa  stage  before  reaching 
maturity  (Fig.  628). 

The  crabs  are  the  high- 
est crDstaeeans.  They  occur 
mostly  in  the  sea,  living  on 
or  near  the  bottom,  from  tide 
''  lines  to  very  great  depths. 
Some,  however,  like  the  blue 
crab,  swim  very  veil  and  rapidly  and  are  frequently  seen  near  the 
surface.  Some  species,  like  the  fiddler  crabs  and  the  sand  crabs,  live 
near  the  high-water  line  or  above  it  and  have  become  to  a  greater  or 
less  degree  terrestrial  animals.  They  run  about  rapidly  over  the  sand, 
in  which  they  dig  deep  burrows,  and  their  gills  and  gilt  chamber  are 
especially  adapted  to  the  absorption  and  retention  of  moisture  from 
the  damp  sand.  Stilt  other  crabs,  as  those  belonging  to  the  Gecard- 
nidae,  the  land  crabs  which  are  often  distinguixhed  by  their  lat^ 
size,  are  found  habitually  far  from  the  water,  to  which  they  return  period- 
ically to  deposit  their  ^^s.  Cardisoma  guanh«mi,  the  common  land  crab 
of  the  West  Indies  and  Bermuda,  occasionally  makes  its  appearance  in 
Texas.  The  crabs  of  the  family  Thelphusidae  live  exclusively  in  fresh 
water,  the  best-known  representative  being  Thelphuta  fluviatUia,  the  cmu- 
mon  fresh-water  crab  of  southern  Europe.  The  suborder  contains  4 
divisions. 
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Key  to  the  divisions  of  Brachyura  here  described : 

Oi  Carapace  more  or  less  triangular,  being  narrow  in  front. . .  .1.  Oxtbhtngha 
Os  Carapace  more  or  less  circular,  elliptical  or  rectangular,  with  a  wide- 
arched  or  straight  front  margin. 

ht  Carapace  elliptical,  with  an  arched  front 2.  Ctclomstopa 

6,  Carapace  rectangular,  with  a  straight  front  margin 3.  Catoicetdpa 

DlYlSiON  1.    OXTBHTNOHA.* 

Carapace  usually  narrow  and  triangular  in  front  and  broad  and 

rounded  behind;  9  pairs  of  gills;  first  antennae  longitudinally  folded: 

3  families. 

Family  MAIIDAE. 

Carapace  narrow  in  fronts  rounded  and  broad  in  the  middle,  taper- 
ing anteriorly  to  the  prominent  rostrum,  which  may  be  bifurcate:  about 
34  American  genera,  all  marine  and  littoral  and  occurring  principally  in 
southern  waters;  some  of  the  species  have  the  habit  of  concealing  them- 
selves by  placing  on  their  backs  with  their  pincers,  algae,  sponges,  etc., 
which  often  grow  there. 

1.  LzBZSiA  Leach.  Spider  crabs.  Eyes  can  be  retracted  into  orbits, 
which  conceal  them;  rostrum  bifurcate;  body  covered  with  a  dense 
growth  of  chitinous  hairs  which  give  it  a  furry  appearance;  it  may  also 
have  growing  on  it  hydroids,  algae,  worm 

tubes,  etc.,  which  tend  to  conceal  it :  6  species. 

L.  emarginataf  Leach  (Fig.  629).  Cara- 
pace evenly  rounded  behind  and  with 
spines  on  the  back,  9  of  these  being  median 
in  position;  legs  long,  the  chelipeds  in  the 
male  being  very  long;  length  of  carapace  7 
cm.;  breadth  6  cm.:  Atlantic  coast  from 
Maine  to  Florida,  very  common  on  mud  ^''  ®^£[tiIboii)?**^"^ 
flats  and  oyster  beds. 

L.  dnbia  Milne-Edwards.  Like  the  above,  but  with  fewer  spines  on 
the  back,  6  of  which  are  median:  Cape  Cod  to  Florida;  less  common  than 
L.  emarginata. 

2.  Hta8  Leach.  Carapace  more  or  less  triangular;  rostrum  bifui*- 
cate,  the  2  branches  converging,  eyes  in  orbits  but  not  completely  con- 
cealed: 3  species. 

H.  coarctatiui  Leach.    Toad  crab.    liateral  edges  of  carapace  dilated 

•  See  "Catalogue  of  the  Crabs,"  etc.,  by  Mary  J.  Rathbnn,  Proc.  U.  S.  Nat.  Mus., 
Vol.  15,  p.  231,  1892 ;  also  Proc.  U.  S.  Nat.  Mus.,  Vol.  16,  p.  68,  1893.  ''Synopsis  of 
the  OxyrhynchoQs  and  Oxystomatoos  Crabs  of  North  America,"  by  Mary  J.  Rathbnn, 
Am.  Nat.,  Vol.  34,  1900. 

t  See  "On  the  Anatomy  of  Libinia  emarginata,'*  by  B.  A.  Andrews,  Trans.  Conn. 
Acad.,  Vol.  6,  p.  99,  1884. 
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anteriorly;  length  of  carapace  8  cm.;  width  6.4  cm.:  Greenland  to  Viiv 
ginia;  Europe;  North  Pacific;  in  5  to  1,000  fathoms. 

3.  Fklia  Bell.  Carapace  triangular,  and  much  longer  than  broad; 
surfaee  Bmooth;  eye  stalk  in  an  orhit  but  not  completely  concealed:  2 
j^merican  species. 

P.  mntica  (Gibbes).  Small  spider  crabs.  Claw  of  male  with  nearly 
parallel  sides  and  with  edges  which  meet  only  at  the  tip:  Cape  Cod  to 
Florida  and  the  Gulf  of  Mexico,  from  low-water  mark  to  15  fathoms. 

DmsiOK  8.    OTOIfOIIEIOPA.* 
Carapace  more  or  less  circular  or  elliptical  in  form  and  usually 
broader  than  long,  the  front  forming  a  regular  arch,  and  without  a 
distinct  rostrum;  9  pairs  of  gitls  present:  6  families. 
Key  to  the  families  of  Cyclometopa  here  described : 

a.  First  antennae  folded  lonsitudinall;  or  ncarl;  so... 1.  Cakokidax 

a.  First  anteDnae  folded  transvenely  or  obliquely. 

b,  I.aBt  pair  of  lees  not  flattened  for  awimmiog 2.  Piliiiinidak 

b.  Last  pair  of  legs  flatteaed  for  Bwimming 3.  Fobtukidae 

Family  1.    CANCBIDAR 
Carapace  usually  broader  than  long  and  with  very  short  rostrum 
or  none  at  all;  anterior  margin  arched  and  serrate;  last  pair  of  I^s 
pointed  at  the  end:  about  4  genera. 

Oaxobb  L.  Carapace  flattened,  and  more  or  less  elliptical  in  shape ; 
the  outer  maxilUpeds  completely  cover 
the  other  mouth  parts:  11  American 
qieoies,  2  on  the  Atlantic  coast. 

0.  irtoratoj  Say.    Rock  crab  (Fig. 

630).    Anterior    margin    of    carapace 

with  9  blunt  teeth  on  each  side;  length 

of  carapace  7   cm.;   breadth  10   em.; 

color  yellowish,   thickly   spotted   with 

small  reddish  dots:  I^brador  to  South 

(E«thbuii)^     "*  Carolina;    common    among    rocks   and 

in  the  sand,  in  which  it  may  lie  bnried, 

from  low  water  to  300  fathoms ;  the  commonest  crab  on  the  New  England 

coast,  where  it  is  occasionally  used  for  food. 

0.  bonalia  Stimpson.  The  northern  or  Jonah  erab.  Similar  to  the 
preceding  but  larger,  with  a  more  convex  and  much  rougher  carapace; 
color  brick  red :  Labrador  to  Connecticut,  often  common  among  the  rocks 
in  exposed  places,  not  living  under  the  rocks  or  in  the  sandy  or  muddy 
bays. 

■  Bm  "BynopeU  of  the  Crt^Ioinetopaiii  or  Cancroid  Crabi  of  North  America,"  br 
Ifarr  3.  Batbbnn,  An.  Nat,  Toi.  31,  leoo. 
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0.  magisler  Dana.  The  edible  crab  of  Galifoniia.  Carapace  12 
cm.  long  and  15  cm.  wide,  with  9  short  spines  on  each  side  of  the  anterior 
margin;  color  reddish-brown:  common  below  low-water  mark  on  the 
entire  Pacific  coast,  where  it  is  used  for  food. 

Familt  2.    PILUMNIDAE. 

Small  dull-colored  crabs  with  the  first  antennae  folded  transversely 
or  obliquely,  with  a  nearly  round  cephalothoraz  and  without  swimming 
periopods:  about  15  American  genera,  mostly  southern. 

PANOTEim*  Milne-Edwards.  Mud  crabs.  Carapace  slightly  broader 
than  long:  small,  inconspicuous  crabs  which  live  on  muddy  bottoms  along 
the  shore,  often  on  oyster  beds  in  brackish  water,  or  even  in  fresh  water; 
about  14  American  species. 

P.  {NeopoHopeus  M.-£d.)  sayi  S.  I.  Smith  (Fig.  631).  Carapace 
somewhat  convex,  with  a  dentate  anterior  border;  male  abdomen  with 
the  terminal  segment  triangular  and   somewhat   broader  than  long; 


Fig.  eSl  Fig.  632  ng.  638 

Fig.  631 — Panopeus  savi  (Paulmeler).  A,  dorsal  aspect;  B,  male  abdomen. 
Fig.  632 — Panopeus  deprtMus — male  abdomen  (Paulmeier).  Fig.  683 — Panopetu 
berbsti — tbe  large  claw  (Benedict). 

length  of  carapace  17  mm.;  breadth  22  mm.;  color  dark  and  dull:  Massa- 
chusetts to  Florida;  common. 

P.  {Eutypanopeus  M.-Ed.)  deprassiu  Smith  (Fig.  632).  Like 
F.  sayi  but  with  a  flatter  carapace  and  with  a  terminal  abdominal  seg- 
ment in  the  male  which  forms  an  equilateral  triangle,  with  arched  sides; 
length  of  carapace  14  mm. ;  breadth  19  mm. :  Cape  Cod  to  Florida. 

P.  herbsti  M.-£d.  (Fig.  633).  Carapace  with  a  dentate  anterior 
border  and  with  a  tubercle  just  beneath  the  first  tooth ;  the  larger  claw 
with  a  stout  tubercle  at  the  base  of  the  movable  segment;  terminal 
abdominal  segment  in  male  rounded;  leng^  of  carapace  40  mm.;  breadth 
60  mm.:  Long  Island  Sound  to  Florida;  near  high-water  mark. 

Faiolt  3.    POBTUNIDAE. 

Swimming  crabs.  Carapace  broader  than  long  and  with  a  well- 
defined  serrate,  anterior  margin;  the  last  pair  of  periopods  broad  and 

*  See  "The  Genus  Panopeus,"  by  James  IL  Benedict  and  Mary  J.  Ratbbnn,  Proc. 
U.  8.  Nat.  Mvs.,  Vol.  14,  p.  355,  1891. 
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flattened  at  the  end,  and  except  in  Cardnides  Mcenaa  not  pointed,  forming 
effective  paddies:  7  American  apeciee. 

1.  OALLDnom*  Stimpeon.  Carapace  about  tviee  as  broad  as  long, 
the  anterior  margin  forming  a  serrated  areh,  at  each  end  of  which  is  « 
long,  sharp  spine:  about  4  species  on  the  coast  of  the  southern  states. 

0.  Mpldu  Rathbnn  {C.  hatta- 
tMS  Say).  Blue  or  edible  crab 
(Fig.  634).  Length  of  carapace  7 
cm.}  breadth  13  cm.;  color  dark 
green ;  feet  blue :  Cape  Cod  to  Lou- 
isiana, common  on  mnddy  bottoms 
in  shallow,  brackish  or  even  freah 
water,  often  swimming  among  sea- 
weed or  near  the  surface;  next  to 
riE.  634— OalHncDtMiapMM  <R«UiiniD>.  the  lobster  onr  most  important 
food  crustacean. 

2.  Otazjfu  Bathban  (Platyonichus  Latreille).  Carapace  not  very 
broad,  being  almost  round,  with  &  acute  teeth  on  each  side  of  the 
anterior  margin;  1  species. 

O.  ocelUtos  (Herbst).  Lady  crab  (Pig.  635).  Length  of  carapace 
6  em. ;  breadth  6  cm. ;  eolor  light  with  red  spots :  Cape  Cod  to  the  Golf 
of  Mexico,  on  sand  beaches;  is  used  for  food  in  the  South. 


>   ( Rathbnn). 

3.  Oabouidu  Rathbun  {Carcinut  Leach),  Carapace  slightly 
broader  than  long;  chelipeds  rather  short;  last  pair  of  thoracic  feet  flat- 
tened but  with  pointed  tips:  1  species. 

0.  DUBllM  (L.).  Oreen  crab  (Fig.  636).  Carapace  with  5  large, 
acute  teeth  on  the  forward  margin  on  each  side;  length  4  cm.;  breadth 
5  cm.;  eolor  green,  mottled  with  yellow:  Cape  God  to  New  Jersey; 
Europe,  where  it  is  used  for  food;  among  the  rooks  in  shallow  water; 
breeding  season  in  spring. 


DECAPODA  399 

DmsiON  3.     OATOMETOPA.* 

Carapace  more  or  less  reetangular,  with  a  wide,  straight  ante- 
rior margin  and  a  straight  but  narrower  hinder  margin;  no  rostrum  pres- 
ent: 4  families,  including  the  land  and  strand  crabs,  which  are  among 
the  most  active  and  intelligent  crabs. 

Key  to  the  families  of  Caiametopa  here  described: 

Oi  Carapace  soft  and  membranous;  in  oyster  or  mussel  shells.  1.  Pinnothkbidas 
Os  Carapace  hard  and  firm 2.  Octfodidae 

Familt  1.    PINNOTHEBIDAE. 

Carapace  nearly  circular  and  more  or  less  membranous;  eye  stalks 
very  small:  small  crabs,  the  females  of  which  live  in  the  mantle  cavity 
of  certain  pelecypods  or  in  annelid  tubes,  the  males  being 
free-swimming;  1  genus. 

PmroTHXBBS  LatreiUe.    With  the  characters  of  the 
family:  several  species. 

P.  ostreum  Say.  Oyster  crab.  Surface  of  body  pi55£^5^c« 
smooth  and  shiny;  length  and  breadth  of  carapace  about  TSlrimT 
5  mm.:  in  the  mantle  cavity  of  the  oyster. 

P.  macnlatUB  Say.  Mussel  crab  (Fig.  637).  Surface  hairy;  length 
and  breadth  about  8  mm. :  in  the  mantle  cavity  of  Myiilua  eduUa  and  other 
bivalves,  from  Cape  Cod  to  South  Carolina. 

• 

Familt  2.    OCYPODIDAE. 

Carapace  broad  anteriorly  and  more  or  less  quadrangular;  eye  stalks 
long,  each  lying  in  an  elongated  groove-like  orbit:  6  American  genera. 

1.  OoYPODSf  Fabrieius.  Carapace  square  in  shape,  with  distinct 
lateral  margins;  chelipeds  small,  somewhat  unequal;  other  periopods  flat, 
with  pointed  tips ;  eye  stalks  stout :  1  American  species. 

0.  alblcanst  Bosc  {0.  arenaria  Say).  Sand  crab.  Length  of  carapace 
30  mm.;  breadth  35  mm.;  chelipeds  of  nearly  the  same  size  in  both  sexes; 
claw  with  serrated  margins :  New  Jersey  to  Florida  and  southwards,  living 
in  deep  burrows  above  high-water  mark;  a  very  active  crab  which  has 
become  a  terrestrial  animal. 

2.  U0A§  Leach  (GeUuimus  Latreille).  Fiddler  crabs.  Chelipeds  of 
male  of  very  unequal  size,  one,  usually  the  right,  being  enormously  devel« 

*  See  "The  Catometopons  or  Orapaold  Crsbs  of  North  America,"  by  Mary  J. 
Batbbun,  Am.  Nat,  Vol.  84,  p.  583,  1900. 

t  Bee  "Cardnologlcal  Notes,  No.  Ill,  Bevlalon  of  the  Geniis  Ocypoda,"  by  J.  8. 
Klngsley,  Proc  Acad.  Nat.  Sd.,  Phil.,  for  1880,  p.  179. 

tSee  "Habits,  Reactions,  and  Assodations  In  Ooypoda  arenaria,"  by  R.  P. 
Cowles,  Monograph  No.  103,  Carn.  Inst,  of  Wash.,  1908. 

f  Bee  "Cardnologlcal  Notes,  No.  11,  Revision  of  the  Gelaslmi,"  by  J.  8.  Klnssley, 
Free.  Acad.  Nat.  Set,  Phila.,  for  1880,  p.  180. 
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oped  and  carried  across  the  front  of  the  body;  eye  stalks  very  long  and 
slender;  color  light  brown,  mottled  with  purple  and  dark  brown:  small, 
active  crabs,  living  in  barrows,  often  a  foot  or  two  deep,  in  salt  marshes 
and  on  mud  and  sand  flats;  they  are  frequently  seen  in  large  droves,  and 
have  the  habit  of  slowly  waving  the  large  daw  back  and  forth,  probably 

a  threatening  attitude;  numerous  species;  cos- 
mopolitan; about  7  American  species. 

U.  pngnaz  (S.  I.  Smith).  Inner  surface  of 
laige  claw  with  an  oblique  ridge,  beneath  which 
are  granules;  length  of  carapace  15  mm.;  width 

*"•'  (p'fSlSterr**^       ^  "™''  ^*P*  ^^  ^  Florida;  common  in  salt 

marshes. 

U.  minaz  (Le  Conte)  (Fig.  638).  Legs  with  red  patches  at  the 
articulations;  large  claws  with  an  oblique  ridge  on  the  inner  surface; 
length  of  carapace  25  mm.;  width  38  mm.:  Gape  Cod  to  Florida;  the 
largest  of  the  fiddlers,  common  in  salt  marshes,  usuaUy  farther  from 
the  sea  than  the  other  species,  being  frequently  where  the  water  is 
fresh. 

XJ.  pugilator  (Bosc).  Length  of  carapace  15  mm.;  width  21  mm.; 
inner  surface  of  large  claw  without  oblique  ridge:  Cape  Cod  to  Florida, 
on  sandy  or  muddy  beaches  near  high-water  mark. 

Class  2.    ARAOHNOIDEA. 

Arthropods  without  antennae,  in  which  the  body  is  usually  made 
up  of  two  divisions,  the  cephalothoraz  and  the  abdomen,  the  former  rep- 
resenting the  fused  head  and  thorax  and  bearing  six  pairs  of  appendages, 
and  the  latter  being  in  most  cases  without  appendages.  The  class  con- 
tains 2  subclasses. 

K^  to  the  subclasses  of  Arachnoidea: 

Oi  Marine  arachnoids  of  large  sise,  with  appendages  bearing  gills  on  the 

abdomen,  and  a  long  spike-like  telson 1.  Xifhobuba 

Oi  Mostly  terrestrial  arachnoids  without  abdominal  appendages.  .2.  ABACHifiDyk 

Subclass  1.    XIPHOSURA.* 

King  or  horseshoe  crabs.  Large  crab-like  arachnoids,  in  which  the 
body  consists  of  a  cephalothoraz,  an  abdomen,  and  a  long  spike-like  td- 
son  or  tail  The  cephalothoraz  is  horseshoe-shaped  and  unsegmented 
and  with  an  arched  dorsal  surface,  in  the  center  of  the  ventral  surface 
of  which  is  the  mouth.  Six  pairs  of  elongate  appendages  surround  the 
mouth,  the  anterior  five  of  which  are  chelate,  the  sizth  pair  terminating 

*  See  "Xiphoenra/'  Camb.  Nat.  Hist.  YoL  4,  p.  259, 1900. 
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with  a  number  of  movable  projeetions  called  the  pushers,  because  they 
are  used  by  the  animal  in  pushing  itself  through  the  sand  and  mud.  The 
first  pair  lie  in  front  of  the  mouth,  and  are  called  the  mandibles  or 
chelicerae:  they  are  much  smaller  than  the  others,  but  have  the  same 
shape.  The  basal  joints  of  the  remaining  five  pairs  of  legs  are  spiny 
and  assist  in  chewing  the  food.  The  abdomen  bears  six  pairs  of  appen- 
dages, none  of  which  are  leg-like.  The  first  pair  are  called  the  operculum 
and  form  together  a  broad  plate  which  falls  over  and  covers  the  remain- 
ing five  pairs;  these  are  also  plate-like  and  bear  on  their  hinder  surfaces 
numerous  thin  gills.  The  males  are  smaller  than  the  females  and  differ 
from  them  in  the  structure  of  the  second  pair  of  appendages,  the  claw  of 
which  is  a  thickened  structure,  of  use  in  holding  on  to  the  shell  of  the 
female  while  pairing.  The  paired  genital  openings  are  at  the  base  of  the 
operculum.    The  telson  may  be  as  long  as  the  rest  of  the  body. 

The  dorsal  surface  of  the  cephalothoraz  bears  two  large  lateral  com- 
posite eyes  and  a  pair  of  small  median  ones.  The  dorsal  surface  of  the 
abdomen  is  flattened  and  bears  a  row  qi  movable  spines  on  each  lateral 
edge.    The  internal  anatomy  is  essentially  arachnid  in  character.* 

The  king  crab  lives  in  shallow  water  along  the  shore,  where  it  bur- 
rows  in  the  sand  and  mud  and  eats  worms  and  other  small  animals.  It 
comes  to  sandy  beaches  in  the  early  summer  to  breed,  and  lays  its  eggs 
in  depressions  it  makes  in  the  sand.  The  embryo  as  it  emerges  from  the 
egg  has  a  resemblance  to  a  trilobite  and  lacks  the  spine-like  telson  and 
the  abdominal  appendages.  The  animals,  although  of  large  size,  have 
little  economic  importance.  They  are,  however,  sometimes  fed  to  chick- 
ens and  pigs. 

History,— The  American  Limulua  was  first  made  known  in  1590  by 
Thomas  Harriot  in  his  description  of  the  animals  and  plants  of  Virginia. 
The  Asiatic  species  became  known  during  the  17th  century,  the  dried  shells 
having  frequently  been  brought  to  Europe  as  curiosities.  Until  quite 
recently  zoologists  have  placed  Limultis  among  the  crustaceans.  Latreille, 
however,  in  1808  called  attention  to  its  peculiar  structure  and  created  for 
it  the  separate  order  Xiphosura,  and  Straus-Diirckheim  in  1829  empha- 
sized its  resemblance  to  arachnids.  This  idea,  however,  gained  ground 
very  slowly,  although  Huxley  and  von  Beneden  both  spoke  in  favor  of 
it,  and  it  was  not  until  after  Lankester's  demonstration  in  1881  that 
Limulua  was  finally  accepted  as  an  arachnid.!  Another  question  of  rela- 
tionship with  which  Limulua  has  to  do  is  whether  the  primitive  arachnid 

*  See  '"The  Embryology  of  Llmulus,"  by  J.  S.  Klngsley,  Jour.  Morph.,  Vol.  7,  p. 
85,  and  Vol.  8,  p.  195, 1892-3.  "Studies  on  Llmulus/'  by  W.  Patten  and  W.  A.  Reden- 
baugb,  Jour.  Morph.,  Vol.  16,  p.  1  and  p.  91, 1900. 

t  See  "Limulus  an  Aracbnid,**  by  B.  R.  Lankester,  Quart.  Jour.  Mic.  Sci.,  ToL 
21,  1881. 
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group  from  which  it  sprang  is  allied  to  the  vertebrates  and  thus  ma;  be  the 
ancestor  of  this  important  class,  as  is  maintained  b^  Patten  and  others.* 

The  snbelase  cont&ins  the  single  genna  lAmultu.  A  few  yeais  ago, 
however,  a  new  claasiBcation  was  proposed  subdividing  this  genus  into 
three,  vdiicb  were  grouped  in  two  subfamilies:  this  classification  has  not 
been  generally  adopted. 

LmLVt  O.  F.  Hiiller.  With  the  characters  mentioned:  5  speeiea, 
of  which  4  inhabit  the  eastern  coast  of  Asia  and  its  isUnds. 


3,  oephalotbora 

'     telsoa;    6,   u 

ath  ;    8  legs  ; 

10,  operculDm;    : 

L.  polTphemiu  (L.)   (Fig.  639).    Length  ap  to  50  cm.;  color  daifc 
brown:  eastern  coast  of  North  America  from  Nova  Scotia  to  Florida; 


SuBcioASS  2.     ARAGHNIDA. 

With  rare  exceptions  air-breathing,  terrestrial  animals,  without 
antennae  and  with  a  body  consisting  of  a  cephalothoraz  and  an  abdomen. 

External  StTUctvre.— The  cephalothoraz  bears  six  pairs  of  appen- 
dages, the  mandibles  or  chelicerae,  the  pedipatps,  and  the  four  pairs  of 
walking  legs.  The  abdomen  is  without  locomotory  appendages.  The  boun- 
dary between  these  two  body  divisions  is  usually  distinct,  but  in  the  mites  it 
is  obliterated.  In  the  spiders  as  well  as  the  mites  segmentation  ha» 
mostly  disappeared  and  the  body  is  short  and  compact.  In  contrast  to 
these  forma  are  the  scorpions,  in  which  the  body  is  long  and  vermiform, 
with  distinct  segmentatioa.  In  the  Solpugida  the  bead  is  distinct  from  the 
thorax  and  bears  the  first  three  pairs  of  appendages.     The  mandibles 

•  Bee  "The  BroIntloD  of  the  Yertebratw  and  Thetr  KId,"  by  W.  Patten,  IMi 
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are  short  and  end,  on  each  side,  either  in  a  sharp,  piercing  claw,  as  in 
spiders,  or  in  a  pincer-like  claw,  as  in  scorpions.  The  pedipalps  are  usually 
sensory  in  function,  but  are  prehensile  organs  in  scorpions  and  many  other 
arachnids,  and  in  the  male  spider  have  a  copulatory  function.  The  four 
remaining  pairs  of  appendages  are  locomotory  and  are  usually  long  and 
slender.  The  abdomen  in  the  embryo  has  often  rudimentary  appendages, 
the  hinder  three  pairs  of  which  in  the  spider  become  the  spinnerets. 

The  cuticula  of  arachnids  is  often  covered  with  cuticular  hairs  or 
scales,  which  have  often  an  important  tactile  function.  The  special 
sense  organs  are  not  well  developed.  Eyes  are  generally  present,  but 
they  are  ocelli  and  not  the  composite  eyes  so  characteristic  of  other 
arthropods. 

Intem<il  Structure  (Fig.  654).— The  digestive  tract  is  often  of  com- 
plex structure.  Long  diverticula  may  extend  from  the  stomach  towards 
or  into  the  legs,  and  a  network  of  diverticula  in  the  form  of  the  so-called 
liver  usually  occupies  la  large  part  of  the  abdomen;  one  or  more  pairs  of 
Malpigfaian  or  kidney  tubules  enter  the  rectum. 

The  respiratory  organs  are  wanting  in  some  mites  and  other  minute 
arachnids,  but  are  usually  present  in  the  form  of  lungs  and  tracheae.  The 
lung  is  a  ventral  sac,  usually  near  the  anterior  end  of  the  abdomen  and 
opening  to  the  outside  through  a  pore  called  a  spiracle,  which  contains 
numerous  leaf-like  plates  like  the  leaves  of  a  book,  in  which  the  blood 
circulates.  The  tracheae  are  air  tubes  reinforced  on  their  inner  surface 
by  a  cuticular  lining  usually  in  the  form  of  a  spiral  thread  to  keep  them 
from  collapsing,  which  extend  from  spiracles  throughout  the  body. 
Scorpions  and  some  of  the  larger  spiders  have  only  lungs;  most  spiders 
have  both  lungs  and  tracheae ;  and  mites  and  many  other  arachnids  have 
only  tracheae. 

Circulatory  oi^ns  are  wanting  in  many  arachnids  which  lack  a 
special  respiratory  apparatus,  but  in  most  of  them  a  tubular  heart  with 
lateral  valvular  openings  is  present  in  the  abdomen,  from  the  ends  of 
which  arteries  extend  into  the  surrounding  organs.  The  Tardigrade  are 
hermaphroditic,  but  with  this  exception  all  arachnids  are  unisexual.  The 
paired  gonads  lie  in  the  ventral  portion  of  the  abdomen  and  open  to  the 
outside  by  paired  ducts  or  by  a  single  duct  in  the  first  or  second  abdomi- 
nal somite.  The  sexes  may  often  be  distinguished  by  their  external 
characters,  the  male  being  smaller  than  the  female  and  often  provided 
with  special  copulatory  organs. 

Most  arachnids  are  oviparous,  but  the  scorpions  and  a  few  others 
hear  their  young  alive.  The  young  usually  resemble  the  parents  in 
appearance,  but  in  a  few  cases,  as  in  the  lAnguatulida  and  the  mites, 
they  go  through  a  metamorphosis.    The  great  majority  of  arachnids  are 
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predacious  or  parasitic  animals,  but  a  certain  number  of  them,  including 
many  mites,  feed  on  plants.  All  of  the  LinguatuUda  and  about  half  of 
the  species  of  mites  are  parasitic.  Most  arachnids  are  terrestrial  but 
the  Tardigrada,  Pygnogonida  and  two  families  of  the  Acarina  are 
aquatic. 

M%8iory.—Th&  name  Arachnida  originated  with  Lamarck  in  1801, 
who  at  that  time  separated  these  animals  from  the  Insecta  aptera  of  Lin- 
neus  and  his  immediate  followers.  The  subclass  contains  about  20,000 
species  grouped  in  11  orders. 

Key  to  the  orders  of  Arachnida: 

Oi  Abdomen  distinctly  segmented. 
^  -Anhsftte  Aot  pamttic. 
Ox  Long  segmented  poetabdomen  or  segmented  caudal  filament  (except  the 
Tarantulidae)  present. 

di  PoBtabdomen  with  caudal  sting  present 1.  Soobfioioda  V^ 

dt  Caudal  filament  (except  the  Tarantulidae). 
e^  Animals  minute;  caudal  filament  with  segmental  bristles. .2.  PALFiGaAUi 
et  Animals  larger;  caudal  filament,  when  present,  smooth.... 8.  Pedipalfi  ^ 

Ct  No  postabdomen  or  caudal  filament. 
di  Head  distinct  from  thorax,  bearing  first  3  pairs  of 

appendages   4.  Solfugida 

dt  Head  not  distinct. 
Ci  Pedipalps  chelate  and  very  long. 

5.  PsEunoscosPioniDA  '^ 
€,  Pedipalps  not  chelate ;  legs  very  long  and  slender. 

6.  Phalakguda  '^ 
ht  Animals  worm-like  and  internal  parasites  in 

lerfebrates    9.  Linguatuiida 

Ot  Abdomen  not  segmented. 
6r  Animals  UDuelly  terreSlHaL 
Ci  Cephalothorax  distinctly  separated  from  abdomen. 

7.  Arakeae  W 
Ct  Cephalothorax  and  abdomen  not  distinct. . .  .8.  Acarina  - 
6,  Aninals  aquatic. 

Ci  Ai  imals  microscopic 10.  Tabdigrabi 

c,  Ai  Imals  marine  and   not  microscopic :    legs  very 

Ibng  and  slender 11.  Ptcnogonida 


Pig.  640— Dia- 
gram of  the  dor- 
sal aspect  of  Cen- 
truru8  (Banks). 
1,  cephalothorax: 
2,pre-abdomen  ;3, 
postabdomen ;  4, 
mandibles;  6, 
pedipalps ;  6,  lat- 
erai    eyes;     7, 


Order  1.    SOOBPIONIDA.* 


median   eyes ;    8, 
spine;    9,   sting. 


(Fig.  640.)  Elongated  arachnids  with  a  short,  un- 
segmented  cephalothorax  and  a  long  abdomen  consisting 
of  13  segments,  of  which  the  anterior  7  form  the  pre- 
abdomen  and  are  about  of  the  same  diameter  as  the 
cephalothorax,  and  the  posterior  6  form  the  much  narrower,  tail-like  post- 
abdomen, at  the  end  of  which  is  a  poisonous  sting;  3  to  6  pairs  of  eyes 
usually  present;  mandibles  short  and  chelate;  pedipalps  very  long  and 

•  See  "Scorplones  und  Pedlpalpl,"  by  K.  Kraepelin,  Das  Tlerrelch,  1899.  "Synop- 
sis of  the  North  American  Scorpions,  Solpuglds,  and  Pedipalpl,"  by  Nathan  BankJi» 
Am.  Nat,  Vol.  84,  p.  421,  1900. 
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chelate;  on  the  ventral  surface  the  second  abdominal  segment  bears  a  pair 
of  long  comb-shaped  appendages  caUed  the  pectines,  which  probably  aid  in 
the  act  of  pairing,  following  which  are  4  pairs  of  spiracles,  each  of  which 
opens  into  a  lung  sac ;  genital  opening  just  in  front  of  the  ^pectines  on 
the  first  abdominal  segment  and  protected  by  small  paired  plates,  which 
form  the  sternum;  the  young  are  bom  alive  and  are  carried  about  for 
a  while  by  the  mother:  over  300  species,  about  25  occurring  in  our  south- 
em  and  western  states,  ranging  as  far  north  as  Nebraska;  they  are 
nocturnal  animals  and  feed  on  insects  and  spiders  which  they  often 
kill  with  the  sting. 

Key  to  the  families  of  Scorpionida  here  described: 

Gi  Sternum  broad,  pentagonal ;  usually  no  spine  under  the  sting. 

hx  At  base  of  terminal  segment  of  last  pair  of  legs  at  least  1  spur  on  inner 

and  1  on  outer  side 1.  Vejovidab 

5,  But  1  spur  present,  on  outer  side 2.  Scobpionidab 

a»  Sternum  long,  triangular;  usually  a  spine  under  the  sting. .  .3.  Centbubidab 

Family  1.    VEJOVIDAE. 

Three  eyes  on  each  side;  terminal  joint  of  legs  with  an  inner  and 
outer  spur  at  base;  no  spine  under  the  sting:  8  genera  and  IS  species. 

1.  Vejoyib  Koch.  Median  lamella  of  each  comb  divided  into  at 
least  8  small  pieces;  lower  margin  of  the  movable  finger  of  mandible 
without  spines:  6  American  species. 

V.  borena  (Oirard).  Hand  strongly  keeled;  color  yellowish  or 
greenish:  Nebraska  and  westerly  to  Nevada  and  Idaho. 

V.  mezicanns  Koch.  Hand  less  distinctly  keeled;  color  brown,  not 
spotted;  legs  reddish;  length  8  cm.;  number  of  teeth  of  comb  15  to  22: 
Texas. 

V.  carolinus  Koch.  Color  reddish-brown;  legs  yellow;  length  34 
mm. ;  number  of  teeth  of  comb  13  or  14 :  southern  Atlantic  states  and  into 
Kansas  and  Texas;  California. 

2.  Hadbxtbub  Thorell.  Large,  hairy  scorpions  with  a  large,  dark 
spur  near  the  tip  of  the  lower  margin  of  the  movable  finger  of  the  man- 
dible: 2  species. 

H.  hirsutus  (Wood).  Color  yellowish-red;  length  7  cm.;  number  of 
teeth  of  comb  25  to  40;  legs  compressed:  California  and  Arizona. 

Family  2.    SOOBPIONIDAE. 

Sternum  pentagonal  in  shape;  but  1  spur  at  the  base  of  the  last 
tarsal  joint,  which  is  on  the  outer  side;  usually  no  spur  under  the  sting: 
15  genera  and  about  88  species. 

DiPLOOsmrBUB  Peters.  With  a  hump  under  the  sting :  6  species,  all 
American. 
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D.  white!  (Gervais).  Color  yellow  or  brown;  terminal  joint  of  foot 
with  a  row  of  about  7  spines  running  up  from  the  claw;  teeth  of  eomb 
12  to  18;  length  5  cm.:  Texas  to  California. 

Family  3,    CENTBUBIDAE. 

Sternum  small  and  triangular,  the  sharp  end  in  front;  a  spur  on  the 
under  side  of  the  unmovable  finger  of  the  mandible :  4  genera  and  about 
50  species,  many  American. 

Cevtbttbub  Ehrenberg  (Fig.  640).  The  oblique  rows  of  teeth  on 
the  finger  of  the  pedipalp  have  on  each  side  a  parallel  row  of  minute 
teeth;  under  the  sting  may  be  a  spine:  15  American  species. 

C.  caroliniaaus  (Beauvois).  Color  yellowish,  with  small  spots,  often 
joined  into  2  longitudinal  stripes;  length  7  cm.;  teeth  of  comb,  19  to  25: 
southern  states. 

Order  2.    PALPIGBADL* 

Minute  arachnids  with  a  segmented  abdomen,  from  the  hinder  end 

of  which  a  long  segmented  caudal  filament 
with  segmental  bristles  projects;  mandible 
long  and  chelate;  pedipalps  and  the  4  pairs 
of  legs  rather  long  and  slender;  no  eyes; 
cephalothorax  of  3,  abdomen  of  11  segments : 
1  genus  with  a  few  species,  which  have 
been  found  in  Italy,  Siam,  Parag^iay,  and 
Texas. 

KcEHENiA  Grassi.  With  the  characters 
above  mentioned:  2  American  species. 

K.  wheelerif  Riicker  (Fig.  G41).  Length 
with  filament  up  to  2.5  mm.;  color  white; 

3  pairs  of  eversible  lung  sacs  on  segments 

4  to  6:  under  stones  in  moist  places  near 
Fig.   641 — Kcsnenia  wheeJeri        .        .      ,« 

(Wheeler).  Austin,  Texas. 


Order  3.    PEDIPALPLI: 

Cephalothorax  separated  by  a  constriction  from  the  abdomen,  which 
is  11  or  12-jointed;  last  3  pairs  of  legs  used  for  walking;  in  the  first 

*  See  "Palpigradl  und  SoUfugae/*  by  K.  Kraepelln,  Das  Tlerrelch,  1901. 

t  See  "A  Singular  Arachnid,"  etc.,  by  W.  M.  Wheeler,  Am.  Nat..  Vol.  34,  p.  837. 
1900.  "The  Texas  Koenenla."  by  Augusta  RQcker,  Am.  Nat.  Vol.  35,  p.  615,  1901. 
"A  New  Kcrnenla  from  Texas,**  by  satce,  Q.  J.  M.  S..  Vol.  47,  p.  401.  1903. 

t  See  "On  the  Pedipalpi  of  North  America,'*  by  H.  C.  Wood,  Jour.  Acad.  Nat.  Sd., 
Phila.,  Vol.  5,  p.  357,  18G3.  "Scorpiones  und  Pedipalpi,'*  by  K.  Kraepelin,  Das  Tler- 
relch,  1S09.  "Synopsis  of  North  America  Pedipalpi."  by  N.  Banks,  Am.  Nat.,  Vol.  34, 
p.  421.  1900. 
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pair  the  terminal  portion  very  mucli  elongated  and  forming  a  long, 
many- jointed  tactile  flagellum;  pedipalpB  thick  and  strong  and,  like  the 
mandibles,  either  chelate  or  not;  2  pairs  of  book  lungs  on  the  third  and 
fourth  abdominal  segments;  8  eyes  usually  present,  2  large  ones  in  front 
and  3  small  ones  on  each  side;  genital  pores  peired  and  on  the  first 
abdominal  segment:  predacious  tropical  animals,  5  species  of  which  are 
found  along  the  southern  border  of  this  country;  3  families  and  about 
GO  species. 

Key  to  the  families  of  Pedipalpi  here  described : 


Familt  1.    THELYPHONIDAE. 

Whip  scorpions.  Body  elongate;  pedipalps  chelate;  abdomen  12- 
jointed,  the  last  3  segments  smaller  than  the  others  and  bearing  a  long, 
jointed  terminal  filament  and  also  often  om- 
matoids,  white  ocellus-like  spots :  10  genera  and 
about  40  species. 

MuTiooPBOOTiTB  Pocock.  Two  ommatoids 
present:  17  species. 

H.  gUut«U>   (Lucas).     Vinegar  roan   (EHg. 

642).    Length    (with    tail)    13    cm.;    color   dark 

brown;   tail  with  reddish   hairs;   animal   has  a 

strong  odor  of  vinegar:  Florida  to  Arizona,  often 

common  in  dry  sandy  places;  they  are  nocturnal 

Pig.  at2—M<uUgoproo-       animals  which  are  much  feared,  although  they 
till  gigantmit 
(ComBtock).  are  not  poisonous. 

PAimT  a.    TAEANTULIDAE. 

Body  broad,  cephalothroax  being  broader  than 
the  abdomen  and  joined  with  it  by  a  slender  waist; 
pedipalp  ends  with  a  claw;  abdomen  11-jointed  and 
without  a  terminal  filament:  10  genera  and  about 
18  species. 

Tarantula  Fabricins.  Foot  with  a  single  claw; 
front  margin  of  celphalothorax  either  with  short 
teeth  or  smooth:  4  species,  all  American.  Tanu^iaKMM 

T.  whitei  (Gervais)   (Fig.  643).     Front  margin 
of   cephalothoraz   denticulate;   inner   margin   of   pedipalp   with   long 
Bpinea;  color  brown  with  a  yellow  mai^n;  length  20  mm.:  Texas  to 
California. 
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Obdeb  4.    80LPU0IDA.*     (SouruOAx.) 

Head  region  separated  troiD  the  thorax  and  bearing  very  large 
ohelate  mandibles,  the  l^-like  pedipalps,  and  the  first  pair  of  legs,  as  well 
as  a  pair  of  eyes;  thorax  consists  of  3  distinct  segments,  each  bearing  a 
pair  of  legs ;  abdomen  10- jointed ;  respiration  by  tracheae,  the  first  pair 
of  spiracles  being  on  the  thorax,  the  other  3  pairs  being  on  the  abdomen ; 
genital  pore  in  first  abdominal  segment :  usually  nocturnal  animals  which 
live  in  sandy  deserts  in  the  warmer  parts  of  the  earth;  3  families  with 
sbont  165  species,  a  few  of  which  are  found  in  this  country,  obiefly  in 
the  southwest ;  they  are  much  feared,  althou^  not  poisonous. 

Fahilt  aOLPTTQIDAE. 
Second  and   third   pair  of  abdominal  spiracles  not  covered  with 
denticulate  plates:  21  genera  and  about  145  species. 

XUnOBATXS  Banks  {Daiama  Simon). 
Anterior  mai^^  of  head  truncate;  fourth 
pair  of  1^9  without  a  terminal  claw;  dorsal 
finger  of  mandible  without  teeth  or  spur: 
about  IS  species,  all  in  Ameriea. 

E.  palllpea  (Bay).  The  movable  atsg- 
taeat  of  the  mandibles  in  the  male  with  1 
large  and  sometimes  1  very  small  tooth; 
the  inner  side  of  the  pedipalp  of  male 
hairy  and  without  bristles;  length  13  mm.; 
color  light  yellow:  southern  states  west 
of  Mississippi,  north  into  Kansas  and 
Colorado. 

E.  fonnidabilifl  (Simon)  (Fig.  644). 
Movable  segment  of  the  mandible  slender  and  with  1  large  and  2  small 
teeth:  California  and  Arizona. 

Obdbb  5.    FSEDDOSaOBPIOinDA.f 
Small  arachnids  with  an  11- jointed  abdomen,  with  chelate  mandibles, 
the  movable  finger  of  which  bears  along  its  inner  margin  the  comb- 

•  S«c  -The  Solpostdse  ot  America,"  bj  J.  D.  Piitn»ni,  Proe.  D«»Miport  Acad. 
N«t  8d.,  Vol.  a,  p.  1,  1882.  "Synoint*  of  thp  North  Ameriran  Solpoglda,"  bj  N. 
BukB.  Am.  NBt..  Vol.  34,  p.  438,  1800.  "Palplgradi  nod  Solltogae,"  by  K.  Kraepelln. 
Du  Tierrekh.  IMl.  ^^ 

t  See  "Notei  on  North  Ameriean  CherDeUdae,"  by  N.  Banki,  Cand,  Bntom.,  VoL 
as,  1893.  "Notes  oa  the  Paeudoncorplonldae,"  by  N.  BankB,  Jour.  W.  Y.  Bntom.  Soe, 
Vol.  3,  1895.  "Hablti  and  DtitrlbntlnnB  of  the  PBeudoacorplonldae.  prlDdpally 
Cbelanopa  oblongni,  Say,"  by  E.  W.  Berger.  Ohio  Nat.,  Vol.  6,  p.  407.  IBOB.  "A  List 
ot  the  Nortb  American  Paeudoacorploolda,"  br  K.  B.  CooUdse,  Piydi^  VoL  U,  pk 
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shaped  serrula  (Fig.  645,  B),  and  vith  long  scorpion-like  pedipalps;  legs 
long,  S-jointe*],  and  ending  with  2  claws;  eyea  present  or  not;  reepiralion 
by  traclieae,  2  pain  of  spiracles  being  present  on  the  second  and  third 
abdominal  segments ;  genital  pore  in  the  second  abdominal  segment,  in  the 
fwnale  eurroonded  b;  oement  glaods,  the  seereticai  of  which  serree  to  f  aatai 
the  eggs  to  the  body  of  the  mother;  nlk  glands  open  to  the  ontside  near  the 
tip  of  the  movable  finger  of  the  mandible;  the  animals  spin  nests,  in 
which  they  spend  tbe  winter  or  can  retire  daring  a  moult ;  no  poison  glands 
present:  under  the  bark  of  trees,  among  moss  or  dead  leaves,  or  in 
hooses,  on  old  books,  or  furniture,  where  they  eat  mites  and  small  insects; 
oeeasionally  they  attach  themselves  for  pnrposee  of  migration  to  insects; 
tfaey  run  rapidly  forwards,  backwards,  or  sideways;  3  familiea  with  100 
species. 

Key  to  the  families  of  Ptevdoseorpiottida  here  described: 
•i  Cephalotborax  witb  a  transrcrBe  luture ;   two  ejee  or  none  niually 


•■  No  toch  Buture;  four  eyes  usually  present 2.  Obisudai 

Fauilt  1.    CEELIFEBIDAE. 

Spinneret  on  mandible  long  and  tabular;  serrula  attached  along  its 
whole  length ;  2  eyes  or  none  present :  5  genera. 

1.  OstUTSa.  GeofFroy.  Cephslothoraz  triangular,  rounded  In  front 
and  divided  by  transverse  sutures  iuto  3  parts;  2  eyes  present;  man- 
dibles small:  several  species. 

0.  caacrofdes  (L.).  Book  scorpion  (Fig.  646).  Length  3  mm.;  color 
reddish-brown;  dorsal  abdominal  plates  divided  by  a  median  line;  basal 


Fia.S4e 
B,  I 

ilanopt  oblonffiu  (B«iec). 

portion  of  pineer  thick,  terminal  finger  curved:  often  found  in  houses 
on  old  books,  furniture,  or  clothing;  cosmopolitan. 

0.  biaerlatnm  Banks.  Body  2.2  mm.  long,  pale  yellowish  in  color, 
with  2  rows  of  dark  spots  on  the  abdomen;  pedipalps  very  slender;  no 
lai^  granules  on  cephalothoraz :  Florida;  Ohio;  Jamaica. 
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0.  mnricatiiB  Say.  Body  2.5  mm.  long  and  reddish-brown  in  color; 
hand  of  pedipalp  very  mach  darker  than  the  rest:  eastern  states,  among 
dead  leaves. 

2.  CsEULVOPS  Nicolet  (Chemes  Menge).  Similar  to  CheUfer  bat 
without  eyes:  about  19  American  species. 

0.  oUongns  (Say)  (Fig.  646).  Body  3.5  nmi.  long,  elongate  and 
elliptical  in  shape,  being  widest  in  the  middle,  reddish-brown  in  color, 
being  darker  on  the  eephalothorax;  a  double  row  of  large  dark  spots 
on  the  abdomen,  from  each  of  which  a  number  of  long  bristles  spring: 
widely  distributed  over  the  eastern  and  central  states;  under  stones 
near  low-water  mark  at  Woods  Uole. 

0.  tristis  Banks.  Body  2  mm.  long,  pale  reddish-yellow  in  color 
with  soft  parts  and  legs  white;  abdomen  elliptical,  the  dark  spots  on 
the  dorsal  plates  being  much  nearer  the  median  than  the  lateral  line: 
the  seashore  of  Long  Island. 

0.  sanbomi  Hagen.  Body  2  mm.  long,  very  broad,  and  reddish- 
brown  in  color;  pedipalps  short  and  heavy  with  davate  hairs:  eastern 
states,  under  bark. 

Family  2.    OBISIIDAE. 

Spinneret  a  small  knob;  serrula  attached  only  at  the  base;  4  eyes 
usually  present:  4  genera. 

1.  OBZSixnc  Leach.  Cephalothoraz  rectangular  and  not  narrower  in 
front;  pedipalps  short  and  stout;  4  eyes  present;  fingers  curved:  6 
species  in  America. 

0.  muscomm  Leach.    Body  2.5  mm.  long,  brownish  in  color:  in  moss. 

2.  Chthohiitb  Koch.  Cephalothorax  rectangular  and  wider  in 
front;  mandibles  large;  fingers  straight:  about  5  American  species. 

C.  pennsylvanicuB  Hagen.  Length  1.9  mm.;  color  brownish,  with 
scattered  silvery  spots  on  the  abdomen;  legs  white;  pedipalps  longer 
than  the  body;  4  eyes,  not  close  together:  eastern  United  States. 

Order  6.    FHALAKOIIDA.* 

Harvestmen  or  daddy  longlegs.  Body  short,  ovoid  in  shape,  with 
an  unsegmented  cephalothorax  which  is  joined  with  the  9-jointed  ab- 
domen without  any  constriction;  mandibles  chelate;  pedipalps  long  and 
leg-like,  each  ending  with  a  claw;  legs  usually  very  long  and  slender,  the 
basal  portion  of  the  anterior  pairs  possessing  chewing  plates;  the  body 

*  See  "On  the  Pbalangeae  of  the  United  States/*  by  H.  C.  Wood,  Commun.  Essex 
Inst,  Vol.  6,  p.  10,  1868.  "A  DescrlptlTe  Catalogue  of  tbe  Harvest  Spiders  (Phal- 
angUdae)  of  Oblo/'  by  C.  M.  Weed,  Proc.  V,  8.  Nat.  Mus..  Vol.  16,  p.  543,  18d3. 
*'8ynopslB  of  Nortb  American  Pbalanglda/'  by  N.  Banks,  Am.  Nat.,  VoL  36^  p.  088^ 
1901. 
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of  the  male  somewhat  smaller  and  with  longer  legs  than  the  female; 
a  pair  of  simple  eyes  present,  one  being  on  each  side  of  a  tuhercle  rising 
in  the  middle  of  the  cepbalothorax ;  genital  opening  between  the  last 
pair  of  legs  in  a  forward  prolongation  of  the  ventral  plate  of  the  first 
abdommal  s^ment  from  which  also  extends  a  long  protmsible  penis  or 
ovipositor  (Fig.  648,2);  a  pair  of  stink  glands  on  the  abdomen,  which 
often  become  active  when  the  animal  is  handled;  respiration  by  tracheae, 
nsnally  a  single  pair  of  spiracles  bein^  present  on  the  first  abdominal 
s^;ment;  eggs  laid  in  the  ground  or  in  other  moist  places  in  the  summer 
or  aatnmn  and  the  young,  which  are  like  the  adults  in  appearanee,  usu- 
ally   hatch    the    following    spring : 
about     60     species     in     America, 
grouped  in  7  families;  animals  more 
or  less  nocturnal,  probably  feeding 
principally  on  small  insects,  spiders, 
and  mites,  hut  also  occasionally  on      6- 
decaying  substances;   they  do  not 
spin  a  web  or  build  a  nest. 

Key  to  the  families  of  Fhalan- 
giida  here  described: 

o.  Last  B«tiDeDt  of  pedipalp  with  ^  H 

a   terminal   claw  and   longer 

tban   tbe   precmlinR   one. 

1.  Phalanoiidai: 
o.  No  snch  daw  and  tho  last  ««:-  riphaldthoraV;   "7,  i^nlt.l  pore ;    1^ 

meat  inach  snorter  tbau   tbe  ward    prolonsatlon   oZ  abdamen 

precedlngone.2.  Nbuastomatidae      "plKcle;   10.  anus. 


Family  1.    PHALANOIIDAE.     (Pra.  647.) 

Body  ovoid  with  a  leathery  integument;  pedipalp  ending  with  a 
claw;  legs  long  and  slender,  with  a  simple  teminal 
1  claw  on  each :  about  15  American  genera. 

Key  to  the  ji^enera  of  Phaltmgiidae  here  de- 
scribed : 

a,  Rje  tubercle  ot  enormous  sise 1.  Caddo 

e.  Eye  tubeKle  of  normal  xiie 2.  I^roBUNDu 

6,  Eye  tubercle  smnntb. 

b.  Eye  tubercle  apinoae 3.  PaAijtNOiuu 

1.  Oasso  Banks.     Eye  tubercle  of  enormous 
size;  3   long  spines  on    femur  of  pedipalp:   one 
species. 
0.  BgUla  Banks  (Fig.  648).     Body  3  mm.  long,  brown  in  color,  with 
2  pale  stripes  above :  among  dead  leaves  and  moss. 
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2.  Liosmnnt  Kocli.  Anterior  and  lateral  bordera  of  cepbalothorax 
not  spinose;  eye  tubercle  rather  eniall  and  smooth;  legs  usually  verj- 
loQg  and  slender:  16  American  species. 

L.   Tittetnai    (Bay)    (Fig.   649).    Body    reddiab- 
brown,  with  a  distinct  mid-dorsal  stripe;  pedipalps 
and  legs  brown  or  black ;  length  about  9  mm. ;  of  pedi- 
palps, 5  nun.  long;  length  of  legs,  first,  42  mm.,  second, 
90  mm.,  third,  43  mm.,  fourth, 
61  mm.:   eastern  and  central 
America;     common    in    fields 
and  woods. 

L.  poUtnm  Weed  (Fig. 
650).  Body  reddish-brown; 
pedipalps  lij^ht  browD,  legs 
black ;  eye  tubercle  rather 
prominent,  with  a  row  of  small  black  projections  over  each  eye;  length 
about  5  mm.;  pedipalps  2.8  mm.  long;  length  of  l«^,  first,  25  mm., 
neond,  51  mm.,  third,  26  mm.,  fourth,  36  mm. :  eastern  and  central  states, 
in  fields  and  woods;  common. 

L.  granda  (Say).  Body  blackish  and  tuberculate,  9  to  12  mm.  long; 
pedipalps  6  mm.  long;  length  of  l^s,  first,  20  mm.,  second,  35  nun.,  third, 
21  mm.,  fourth,  28  mm.:  eastern  and  central  states. 


Fig.  Mt—Uabtmum  vttlat%m  (Weed). 


A  FU.e6D  A,  PI,.  8 

I — CtotMtuM  poHtMM  (Weed 
»■•,    u.  Blue  Tlew  o(  tile  eye  tubercle.     ri». 
A.  doFMl  (tpect  after  tbe  removal  ot  the  legs  ; 

Xh  Tentiiconim  (Wood)  (Fig.  651).  Body  elongate;  legs  and  body 
cinnamon  or  yellowish-brown;  length  7  to  10  mm.;  length  of  legs,  pedi- 
palps, 5  mm.,  first,  33  mm.,  second,  64  mm.,  third,  33  nun.,  fourth,  4.S 
mm. :  eastern  and  central  states ;  common. 

S.  PsALUtetm  L.  Anterior  and  lateral  borders  of  cepbalothorax 
■ptnose;  eye  tubercle  with  2  series  of  spines:  2  species  in  America. 
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P.  diwnam  Wood    (F^.  652).     Bod;  gray,  sometimes  brownisb, 
nsnall;  with  a  wide  lenticular  mid-dorsal  marking,  and  about  8  mm. 
long;  pedipalps  4  mm.  long;  leugtb  of  legs,  first,  20 
mm.,  second,  52  mm.,  tbird,  29  mm.,  fonrth,  36  mm. : 
northern  America,  on  walls,  etc,  rarely  in  the  open 
field. 

Faioly  2.    NEUASTOUATIDAE. 

Pedipalps  long  and  prominent,  with  last  joint 
mncb  sborter  than  the  preceding  one  and  without  ft 
elaw:  3  genera. 

PsLEOiuoBa*  Packard.  Mandibles  directed 
downwards  and  not  forwards;  fourth  joint  of  pedi< 
palp  much  thickened;  body  somewhat  compressed  and 
not  spiny:  3  species. 

F.  caTicoInifl  Pack.    Body  4  mm.  long  and  2  mm. 

wide;  eyes  lai^  and  prominent;  eye  tnberele  veiy 

low;  a  series  of  large 


transverse  dark  spotB 

movable 

of     mandible 

with  about  24  setae:  i 

places;  eastern  and  cei 


FlK-  eOS— Pftnhni- 

7Weed).  4,  darsal 
Ripect  arter  the  re- 
mavftl  of  tbe  legs; 
B,  eye  tobtccle. 

L  caves  and  similar 
tral  states. 


Order  7.    AKAHBAE."     (Auhbida.) 


Spiders  (Fig.  653).  Cepfaalotborax 
and  abdomen  mostly 
nnsegmented  and  uni- 
ted by  a  slender  waist. 
Tbe  body  is  often  cov- 
ered with  hairs  or 
scales,  and  gray  or 
dark  in  color  when  thp 
animal  lives  on  or  near 
the  ground,  but  is 
often  brightly  colored 
when  it  lives  on  flowers,  shrubs,  or  trees.  Of  the  six  pairs  of  appen- 
dages the  mandibles  or  chelicerae  are  the  most  anterior;  they  are  two- 

■  S»e  "Catalogue  of  the  Described  Araiwae  of  Temperate  North  AmertM."  by  Dr. 
deorge  Man,  Proc.  tl.  8.  Nat.  Mns.,  Vol.  12,  ISSS.  "AmerlcaD  Bpldera."  etc.,  by 
Heory  C.  UcCook,  I8SS-1893.  "tllstoH'e  Naturelle  des  Aralgii«e^"  by  B.  Blmon,  Parts, 
1887-1904,  2iid  Ed.     "The  Common  Spldera  of  the  UolCed  Statea,"  by  Jamea  H, 


I   of  tbe   ventral   aspect   of   a 

(EmertoD)  ;  C,  palpal  organ  of 

malt!  (Wurburtonl ,  1,  pedipalp  ;  2,  mandible  ;  »,  max- 
Ilia;  4.  Inbliim:  C,  Ires  i  S,  sternnm ;  T,  eplxynuni ;  8, 
long  splncle;  9,  trocbeftl  spiracle;  10,  spinnerets;  11, 
eyea. 
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jointed,  the  terminal  joint  being  a  sharp  claW|  near  the  end  of  which  is  the 
opening  of  a  poison  gland.  The  mandibles  are  usually  directed  downwards 
80  that  the  spider  must  strike  when  its  prey  is  beneath  it.  The  second 
pair  of  appendages  are  the  pedipalps  or  palpi,  which  are  leg-like  in  form 
and  composed  of  six  segments;  the  large  and  flattened  basal  segments 
of  these  are  called  the  maxillae  or  endites  and  extend  forwards,  forming 
the  principal  jaws  of  the  animals,  being  used  to  chew  or  squeeze  the 
food. 

In  the  male  the  end  of  the  pedipalp  is  enlarged  and  bears  the 
more  or  less  complicated  palpal  organ  by  which  sperm  is  conveyed  to 
the  female  in  the  act  of  pairing  (Fig.  653,  C).    The  four  pairs  of  long 
walking  legs  are  seven-jointed.    The  tarsus  or  terminal  joint  of  each  leg 
bears  a  pair  of  claws,  the  inner  edge  of  each  of  which  is  toothed ;  in  many 
spiders  a  third  smaller  claw  is  also  present  and  in  others  a  thick  brush  of 
hairs.    Between  the  maxillae  is  a  plate  called  the  labium  or  lip,  and 
between  the  base  of  the  legs  is  the  sternum.    The  abdomen  bears  at 
its  hinder  end,  just  in  front  of  the  anus,  usually  3  pairs  of  spinnerets, 
which  are  modified  legs   (Fig.  655).    At  the  end  of  each  spinneret  are 
minute  tubes  which  are  the  ends  of  the  ducts  of  the  silk  glands;  the 
fluid  silk  coming  out  of  these  tubes  unites  to  form  a  single  strand,  and 
hardens  on  exposure  to  the  air.    In  a  few  families  a  plate  called  the 
cribellum  lies  in  front  of  the  spinnerets  from  which  spinning  tubes  also 
project;  such  spiders  have  a  row  or  comb  of  stiff  hairs  on  each  of  the 
hind  legs  called  the  calamistrum  (Fig.  655)  by  means  of  which  a  band  of 
silk  may  be  spun.    All  the  spinning  tubes  do  not  exude  the  same  kind 
of  silk,  but  a  variety  of  kinds  is  produced  which  are  used  for  various 
purposes,  as  for  making  the  different  parts  of  the  web,  nests,  cocoons,  etc 

Spiders  are  not  well  provided  with  special  sense  organs.  The  long 
legs  and  the  hairs  usually  covering  the  body  are  tactile  organs,  and  in 
most  spiders  eight  simple  eyes  are  present  on  the  front  portion  of  the 
cephalothorax  usually  in  two  rows,  enabling  the  spider  to  see  a  i^ort 
distance  (Fig.  653,  B). 

The  respiratory  organs  of  spiders  consist  of  two  pairs  of  lungs  in 
the  Tetrapneumones,  which  are  situated  in  the  forward  part  of  the  abdo- 
men and  open  to  the  outside  by  slit-like  spiracles  on  the  ventral  surface; 
in  the  Dipneumones  one  pair  of  lungs  is  present  and  a  pair  of  tracheae, 
the  latter  opening  in  most  cases  through  a  single  spiracle  in  front  of 
the  spinnerets.    Each  of  the  lung  spiracles  is  covered  with  an  int^^u- 

Kmerton,  1902.  "Families  and  Genera  of  the  Aranelda/*  by  Nathan  Banks,  Am.  Nat, 
Vol.  34,  p.  293,  1905.  **Fanna  of  New  England.  A  List  of  the  Aranelda/'  by  Bllsa- 
beth  B.  Bryant,  Bost.  Soc.  Nat.  Hist,  Occ.  Papers,  No.  7,  1908.  "Catalogne  of  Neartlc 
Spiders,"  by  N.  Banks,  Bull.  No.  22,  U.  8.  Nat  Mas.,  1910.  **Tbe  Spider  Book/*  by 
J.  H.  Comstock,  1912. 


ABANEAE  415 

insntal  fold,  and  between  them  is  the  genit&l  pore  which,  in  the 
female,  ia  covered  by  a  plate,  often  complex  in  structure,  called  the 
epigyiiiim. 

The  arrangement  of  the  internal  organs  of  spiders  will  be  seen  in 
the  accompanying  diagram  (Fig.  654). 

Spiders  prey  principally  upon  insects,  but  will  usually  kill  and 
devour  any  animal  smaller  than  themselves,  including  their  own  kind. 
The  female  not  infrequently  eats  the  smaller  male  when  he  approaches 
her  at  pairing  time.  Spiders  may  be  divided,  as  to  their  method  of 
taking  their  prey,  into  2  groups:  (1),  the  hunting  spiders,  which  run 
on  the  ground  or  on  plants  and  spring  upon  their  prey,  usually  from  a 
concealed  retreat,  and  (2),  cobweb  spiders,  which  make  webs  to  catch 
flying  insects.  The  hunting  spiders  often  make  nests  of  silk;  the  cob- 
web spiders  usually  live  in  their  webs  or  in  nests  near  them. 

Tb«  webs  are  of  4  kinds:     (1),  the  very  irregularly  woven  web  of 

the  house  spider  Theridion  tepidariorum  and  other  Theridiidae  (Fig.  664) ; 

(2),  the  more  or  less 

irregular    web    of    the 

lAttyphiidae    and    some 

other  spiders,  the  most  '^ 

important  part  of  which  f' 

consists  of  a  large,  flat  ' 

or   curved   sheet    held  "^^^^ 

down  by  threads  in  all  >-is|^ 

directions     (Fig.    665);  Fta.  6B4— latwniS  anstomT  of  «  iplder  {"Sblpleji.     .^" 

,n\    .LI-  >       L      a    .•^;  es^ti'^  polwin  Eland;    3.   maftti ;    4.:Hraln:    5,   ■* 

.<.       J       I      'J   £ASM|IP*'8.  >llk  glandii    9.  anns :    10,  ^Iblsrats ;    11.  otairi       **^>. 
the  Agelenuue/^amBi-       12,  klduc;  tubule ; -13,  .Inteat&c ;   liTbeart:  dK,  UT«t  X 

.  a  1  L  1  J  ducts,  tbc  ItTcr, •havtas.Jieen  removed!  l(t(  ^cklof 
ing  of  a  flat  sheet  and      atoDiat^u    -.,-.     "^  f       T^        -• 

a   funnel   leading  to  a    .  -»**^  "'  <    ■         ,  '^^^ 

retreat;    (4)    the   round    webs   of   the   gpcf rida^j  e^p«rpd    of   th«ea^^ 
radiating  from  a  common  center,  witli  cross  th^d^t  -ff'C'  ^^  •' 

Spiders  lay  spherical  eggs  iriiich  the  female  ~wffl^  wito  silk  into 
a,  spherical  or  oblong  mass  caUcd  the  cocoon;  this  the  spider  often 
carries  about  for  awhile  in  the  mandibles  or  attached  to  the  spinnerets, 
and  fastens  in  the  web  or  to  grass  or  other  objects,  or  hides  in  her  nest 
Bome  spiders  conatruct  burrows  in  the  ground  in  which  they  deposit 
their  cocoons.  Spiders  live  usually  less  than  a  year.  Great  numbers,  the 
adults  of  which  die  in  the  autumn  on  the  approach  of  cold  weather,  pass 
the  winter  in  the  form  of  eggs,  while  others  lie  tftrpid  among  leaves  on  the 
ground  and  in  other  protected  places.  Spiders  are  bom  with  the  form 
of  the  parent,  but  often  differ  from  them  at  first  very  much  in  appear- 
ance; they  are  also  sexually  dimorphic,  the  males  being  smaller  than 
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the  females,  possessiBg  the  palpal  organ,  and  often  being  differently 
marked. 

Over  10,000  species  are  known,  of  which  1,300  belong  in  this  country. 
The  order  contains  2  suborders  and  about  26  families. 

Key  to  the  suborders  of  Araneae: 

Oi  Two  pairs  of  lungs;    usually  2  pairs  of  spinnerets;    claw  of  mandible 

vertical  in  position 1.  Tbtbapneumohbs 

Ha  One  pair  of  lungs ;  3  pairs  of  spinnerets ;  claw  of  mandible  horisontal  in 

position,  working  from  the  side,  medially 2.  Dipneumonis 


SxTBOBDEB  1.    TETRAPNEUMONES. 

Often  large  spiders  with  2  pairs  of  lungs  and  2  or  3  pairs  of  spin- 
nerets; mandibles  usually  project  more  or  less  forwards,  the  claw  of 
which  projects  downwards  instead  of  transversely;  with  8  eyes  set 
closely  together:  tropical  or  subtropical  spiders  including  the  bird 
spiders  and  trap-door  spiders;  3  families. 

Family  AVICULABIIDAE. 

Pedipalp  arises  near  or  at  the  tip  of  the  maxilla,  which  is  not  dis^ 
tinct;  the  4  lung  spiracles  covered  by  broad  and  often  glistening  folds: 
40  American  species. 

Paohtloxebub*  Ausserer.  Trap-door  spiders.  Cephalothorax  al- 
most as  broad  as  long;  abdomen  ovoid;  spinnerets  4;  eyes  close  together, 
on  low  prominences,  the  lateral  eyes  being  the  largest;  the  extremities  of 
the  2  hinder  pairs  of  legs  much  thickened:  8  American  species,  in  the 
southern  states. 

P.  andonini  (Lucas).  Length  20  mm.;  the  anterior  lateral  eyes 
the  largest;  third  joint  of  the  third  pair  of  legs  very  short  and  crooked; 
color  glossy  brown:  North  Carolina;  the  animal  lives  in  a  cylindrical 
burrow  in  the  ground  lined  with  silk,  the  opening  of  which  can  be  closed 
by  a  circular  door  which  works  with  a  hinge. 

SuBORDEB  2.    DIPNEUM0NE8 

Spiders  with  1  pair  of  lungs;  tracheae  also  present  which  open  to 
the  outside  usually  by  a  single  spiracle;  3  pairs  of  spinnerets;  mandibles 
directed  downwards,  the  claws  projecting  from  the  side  towards  the 
median  line:  over  30  families. 

•  See  "A  New  Trap-Door  Spider/'  by  G.  F.  Atkinson,  Am.  Nat.,  Vol.  20,  p.  583, 
1886. 
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Key  to  the  families  of  Dipneumones  here  described: 

Hi  With  cribellnm  and  calamistrum  (Fig.  655). 

5s  Eyes  all  dark-colored  (diurnal)  ;  web  usually  regular 1.  Ulobobidab 

&a  Anterior  median  eyes  dark,  the  other  light-colored   (nocturnal)  ;  web 
irregular. 

Oi  Lateral  eyes  near  together 2.  Dicttnidas 

0^  All  the  eyes  close  together  on  an  eminence 3.  Filistatzdae 

Oa  Without  cribellum  and  calamistrum.  ^ 

bi  Two  terminal  claws  on  the  feet. 

Cx  Six  eyes ;  4  spiracles ;  ground  spiders 4.  Dtsdbbidas 

Ca  Bight  eyes  present. 
di  Eyes  usually  in  2  rows. 
ei  First  2  pairs  of  legs  not  noticeably  longer  than  the  others. 

fi  Fore  spinnerets  widely  separated ;  ground  spiders 5.  Dsassidab 

ft  Fore  spinnerets  contiguous ;  ground  spiders 11.  Clubionidas 

e^  First  2  pairs  of  legs  much  longer  than  the  others ;  crab  spiders. 

10.  Thomisidab 
d^  Eyes  in  3  rows,  the  middle  row  being  much  smaller  than  the  others. 

5,  Three  terminal  claws  on  the  last  3  pairs  of  feet.  ^^-  -A.ttidab 

Ci  Legs  very  long,  being  over  4  times  the  length  of  the  body 6.  Phoixjidax 

Ct  Legs  not  so  long. 
di  Eyes  in  2  rows. 
6|  Hinder  part  of  spinnerets  not  very  long. 

fi  A  comb  of  serrate  bristles  on  the  hind  foot ;  abdomen  often  globose. 
A  No  such  comb.  '^'  Theridhdae 

ffi  Basal  segment  of  mandible  with  row  of  teeth  on  its  outer  surface ; 

small  spiders  with  irregular  webs 8.  Lintphiidab 

fft  No  such  mandibular  teeth;   usually  large  spiders  with  regular 

radial  webs 9.  Efeibiikab 

fft  A  semicircular  notch  at  base  of  leg  on  penultimate  segment. 

13.  PlSAUEIDAE  A  I 

6i  Hinder  pair  of  spinnerets  / 

very  long  and  2  jointed. 

12.   AOELENIDAX 

d.  Eyes  in  3  rows.  ..14.  Ltcosidae       /_^         ^^-n=i,-i-n.  ,  ,. 
Family  1.    XTLOBOItlDAE.  U  nt'V^^^^zr^ — :^7^^'' 

A  cribellum  and  usually  a  cala-  *  '       'VSiftiyiJlSC^^ 

mistrum  (Fig.  655)  present;  lateral  3'      jtSs^^^^*'^ 

eyes  farther  apart  than  the  2  pairs  .  ^'^'MNMu^I 

of  median  eyes;  web  usually  round  /    4   B 

and   regular,  with  radiating  spokes         Fig.  655— A.  part  of  fourth  leg  of 

•   --^j    V—  —    i.1 -J  J  AmauroMus;  B,  ventral  view  of  hinder 

jomea    by   cross   tlireaas   and   com-      end  of  same,    l,  calamistrum ;  2,  cribel- 

•.^«<^  ;»  ««^  ^p  ir*^«.«  u^^A^  ^4»  »;ii,..       ^^°^*  3»  anterior  spinnerets;  4,  middle 
posea  m  part  oi  loose  bands  ox  silK :      spinnerets ;  5.  posterior  spinnerets ;  6, 

3  genera,  and  6  American  species.     "'*»•    <^^^^^'^^  Natural  History.) 
1.  Ulobobttb  Latreille.    Cephalothoraz  ovate,  rounded  behind;  eyes 

all  of  about  the  same  size:  4  American  species. 

U.  plumipes  Lucas.  Length  of  female  7  mm. ;  cephalothorax  low ;  first 

pair  of  legs  in  the  female  twice  as  long  as  the  second,  with  a  bunch  of  long 

hairs  at  the  end  of  the  middle  segment ;  color  brown,  with  a  median  stripe 
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on  the  cephalothoraz ;  male  without  the  calamistrum :  common  in  shady 
woods  and  bushes,  especially  in  the  lower  dead  branches  of  pines. 

2.  Htptxotss  Walckenaer.  Cephalothoraz  nearly  circular,  trun- 
cate behind;  eyes  of  the  posterior  row  very  much 
larger  than  those  of  the  anterior:  1  American  species. 
H.  cavatUB  (Hentz)  (Fig.  656).  Length  of 
female  5  mm. ;  abdomen  ovoid,  with  4  pairs  of  slight 
elevations  covered  with  stiff  hairs;  color  brown;  web 
triangular  in  shape,  with  but  4  rays  which  radiate 
from  a  common  strand  held  taut  by  the  spider,  and 
with  cross  strands :  common,  espeeiaUy  in  pine  woods. 


Fig,  666 — ^Web  of 

Hyptiotea  oavatua 

(Emerton). 


Family  2.    DIOTYNIDAE. 

With  cribellum  and  calamistrum  in  female  but 

not  in  male;  lateral  eyes  near  together  on  each  side; 

web  irregular,  usually  a  dense  network  of  threads  with  a  hole  into  whidi 

the  spider  retreats,  found  in  open  places:  about  35  American  species. 

1.  DxCTYVA  Sundevall.  Small  spiders  with  sternum  extending  be- 
tween the  hind  legs;  legs  without  spines;  all  the  eyes  of  about  same 
size ;  head  high  Arched,  about  half  as  wide  as  the  thorax 

and  distinctly  marked  off  from  it:  numerous  species, 
about  19  in  America. 

D.  snblata  (Hentz)  (D,  muraria  Emerton).  Body 
gray  in  color,  with  dark  median  marking  on  the  abdo- 
men, and  about  3  mm.  long;  cribellum  large:  web  on 
walls,  fences,  weeds,  etc.,  often  conspicuous  because 
of  the  dust  it  collects;  common. 

D.  foliacea  (Hentz)  (Z).  volupis  Keyserling). 
Body  about  3  mm.  long;  cephalothorax  brown;  abdo- 
men yellow  in  the  middle,  and  brown  or  red  at  the 
sides ;  legs  pale ;  abdomen  about  as  wide  as  the  cephalo- 
thorax: web  in  bushes;  conmion. 

2.  AXAUBOBZVB  Koch.  Sternum  not  extending  between  the  hind 
legs;  cribellum  divided  into  2  parts;  head  large  and  distinctly  marked 
off  from  the  thorax;  legs  with  spines:  about  7  American  species. 

A.  benneti  (Blackwall)  (A.  syPoestris  Emerton)  (Fig.  657).  Body 
10  mm.  long;  cephalothorax  dark  brown;  abdomen  gray  with  median 
yellowish  markings;  the  epigynum  has  2  lateral  lobes  which  meet  behind: 
web  under  stones  and  sticks;  common. 

A.  feroz  (Walckenaer).  Like  above,  but  the  lateral  lobes  of  the 
epigynum  do  not  meet  behind :  in  houses,  especially  cellars ;  an  European 
species  introduced  into  this  country. 


657— i 
robluB  henneti 
(Emerton).  A, dor- 
sal aspect ;  B,  male 
pedipalp  without 
terminal  segment. 
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Faiolt  3.    FILISTATIDAE. 

With  eribellmn  and  calamistrum;  all  the  eyes  close  together  and 
upon  an  eminence;  mandihles  small;  web  like  that  of  Dictyna:  1 
American  species. 

FzusTATA  Latreille.    With  the  characters  of  the  family:  2  species. 

F.  hlbemalis  Hentz.  Body  12  nmi.  long  with  legs  about  twice  as 
long,  and  uniformly  dark  gray  in  color:  one  of  the  commonest  house 
spiders  of  the  southern  states. 

Familt  4.    DYSDEBIDAE.* 

With  only  6  eyes;  with  a  pair  of  tracheal  spir&des  immediately 
behind  the  lung  spiracles :  the  animals  build  tube-like  nests  on  the  ground 
under  stones  and  other  objects;  3  American  genera  and  species. 

Dtbdzxa  Latreille.  Eyes  in  a  ring,  close  together;  mandibles  long 
and  inclined  forward:  1  species. 

D.  interrita  Hentz  (Fig.  658).  Length  12  mm.;  the 
abdomen  but  little  larger  than  the  cephalothoraz ;  color 
orange  brown,  lighter  behind :  New  England. 

Family  5.    DBA8SIDAE.* 

Elongated  spiders  with  2  claws  and  a  bunch  of  flat- 
tened hairs  on  each  leg;  eyes  all  of  the  same  size,  usually 
in  2  rows;  spinnerets  widely  separated:  ground  spiders         jyyidera 
which  build  tube  or  sac-like  nests ;  about  60  American  species.        (smeiton). 

1.  Dbassits  Walckenaer.    Eyes  in  2  slightly  curved 

rows,  which   diverge  mid-dorsally,  the  posterior  row  longer  than  the 
Anterior;  mandibles  small;  maxillae  straight:  9  American  species. 

D.  neglACtOB  Keyserling  (D,  saccatua  Emerton).  Length  20  mm.; 
color  light  gray,  without  markings;  abdomen  but  little  longer  than  the 
eephalothorax :  the  animal  lives  under  stones  and  makes  a  large  trans- 
parent bag  of  silk  in  which  the  cocoon  is  deposited;  common. 

2.  Ghaphoba  Latreille.  Eyes  in  2  nearly  straight  rows,  the  upper 
row  longer  than  the  lower;  those  of  the  middle  pair  of  the  upper  row 
being  much  nearer  each  other  than  the  lateral  eyes :  10  American  species. 

G'.  glgaatea  Keyserling  {G.  conspersa  Tborell).  Length  12  mm.; 
color  rusty  black;  eephalothorax  and  abdomen  of  about  the  same  size; 
mandibles  large,  with  a  wide  serrate  tooth  under  the  claw :  under  stones 
and  leaves. 

8.  SsBaxoLVB  Simon.  Maxillae  arched  around  the  labium;  the  2 
rows  of  eyes  nearly  strai^t;  no  dorsal  groove:  3  American  species. 

*  Bee  "New  England  Spiders  of  the  FamlUes  Drassldae,  Agelenldae,  and  Dysderl- 
dae,**  by  J.  H.  Bmerton,  Trans.  Conn.  Acad.,  Vol.  8,  p.  1, 1890. 
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8.  yariegatUB  (Hentz)  (Fig.  659).  Length  6  mm.;  eephalothorrtx 
bright  orange  in  color  and  smaller  than  the  abdomen,  which  is  black 
with  3  white  stripes:  on  the  ground. 


FiiMiLT  6.    PHOLCIDAE. 

Eyes  either  6  or  8  in  number;  legs  very  long,  with 
3   claws   on   each   of   the   3  hinder  pairs:    6    American 
,  .  genera. 

Pholoitb  Walckenaer.     Three  large  eyes  in  a  group 
on  each  side  of  the  head  and  2  smaller 
eyes  in  the  middle;  abdomen  elongate; 
cephalothoraz  flat:   2  American  species. 
i^iMSs  ^'    Pludangioides    (Fuesslin)    (Fig. 

oSmertonf.         ^^^'     ^^^  ^  ™™'  ^^^^''  longest  legs  5 

cm.  long;  color  pale  brown  or  gray:  ft 

common  house  spider  both  in  America  and  in  Europe, 

living  in  cellars,  and  making  a  large,  flat,  irregular  web. 

Family  7.    THEEIDIIDAE.* 

Usually  small,  light-colored  spiders  with   a  large 
round  abdomen ;  eyes  of  about  the  same  size,  in  2  rows,  ^t>£SS 

with  the  end  eyes  near  together  and  the  middle  eyes       phdUmsjoid^t — 

carrying  Its 

farther  apart;  outer  margin  of  mandibles  parallel  (ex-  /r***SSt^ 

cept  on  Ste<xtoda) ;  3  claws  on  each  leg :  web  often  large, 
more  or  less  irregular  in  form  and  loose  in  texture,  and  built  in  the  cor- 
ners of  rooms,  on  fences  and  rocks,  and  between  the  branches  of  low 
trees  and  bushes,  the  spider  usually  staying  in  the  web;  about  300 
American  species. 

Key  to  the  genera  of  TheridUdae  here  described : 

Ox  Abdomen  smooth  and  shiny,  the  hairs  being  very  short 1.  Steatoda 

a.  Abdomen  hairy. 
hj,  The  paired  claws  of  the  legs  with  a  regular  series  of  teeth  almost  to  their 

tip 2.   Lathrodectxts 

6,  These  claws  with  spreading  teeth  at  their  base. 

Ci  Abdomen  with  a  high,  pointed  hump. 3.  Abgtbodbb 

C|  Abdomen  not  with  a  hump. 

di  Labium  and  sternum  united 4.  Spinthabus 

dt  Labium  not  united  with  the  sternum. 

Ci  Anterior  row  of  eyes  curved 5.  Thsbiduia 

e.  Anterior  row  of  eyes  straight 6.  THEamioir 

1.  Steatoda  Sundevall.    Abdomen  oval,  smooth,  and  shiny;  side 
eyes  contiguous;  those  of  the  anterior  row  much  larger  than  the  middle 

*  See  "New  Bngland  Spiders  of  the  Family  Therldlidae,"  by  J.  H.  BmertoDt 
Trans.  Conn.  Acad.,  VoL  6>  p.  1,  1882. 
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£12.661 
Stealoia  boreaUa 

(CoiuBtack). 


pur;  the  2  mandibles  straight  and  ptarallel  to  each  other:  liie  web  con- 
sists of  a  flat  net  held  in  place  by  numerous  threads;  4  American  species. 
S.  borealii  (Uentz)  (Fig.  C6l).    Body  about  6  mm.  long  and  reddish- 
brown  in  color,  the  abdomen  osnally  with  a  li^t 
stripe  running  around  the  front  half  and  one  in  the 
middle:  among  stones  or  in  fence  comers;  common. 
8.  LATHBODXcmni  Walckenaer.  Abdomen  round 
and  hairy;  side  eyes  widely  separated:  2  American 
Bpecies. 

L.  mactans  (Fabricius)  (Fig.  662).  Body  12 
iiim.  long  and  black,  with  a  bright-red,  honrglass- 
shaped  spot  underneath,  and  one  or  more  red  spots 
over  the  spinnerets  and  sometimes  along  the  middle 
of  the  back;  abdomen  of  male  ovoid,  with  a  row 
of  red   and   white  spots  in  the  middle  line  and  4 

pairs  of  red  and  white  stripes  on  the  sides: 
common;  web  large,  with  a  funnel-shaped  retreat 
in  the  middle. 

S.  ASOTBODXS  Simon.  Abdomen  with  a 
high  pointed  hump:  about  13  American  species. 
A.  trlgonnm  <Uent!t)  (F^.  663).  Body  yel- 
low, triangular  in  shape,  3  mm.  long  and  3  mm. 
high  in  the  female;  male  with  2  horns  in  front 
of  eyes:  common;  web  between  branches  or 
leaves,  or  among  the  supporting  strands  of  the 
webs  of  Isi%er  spidere. 

4.  Spihthabus  Hentz.    Labium  and  sternum 
united;  abdomen  tapering  to  a  blunt  point  over 
spinnerets;    side    eyes    close    together:    1 
American  species. 

5.  flavidns  Hentz.  Body  4  nun.  long ; 
cephalothorax  circular;  upper  surface  of  abdo- 
men flat  with  a  white  stripe  on  each  side  and 
red  and  black  in  the  middle :  found  on  low 
plants;  web  unknown. 

6.  Thzkibqul  Emerton.  Anterior  row  of 
eyes  curved;  first  legs  much  longer  than  the 
fourth:  2  American  species. 

T.  sphemU  (Hentz).  Body  2.5  mm.  long;  cephalothorax  yellow  or 
orange  with  a  median  black  stripe;  abdomen  round  and  wider  than  long, 
and  yellowish-gray  in  color  with  a  greenish -white  spot  in  the  middle 
and  a  black  spot  at  either  side:  c 


Fit.   662 — Lathrodaetu* 
MOoliHi*  (Comiitock). 
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6.  Theusiok  Walokenaer,  Anterior  row  of  eyes  etraight  or  nearly 
so;  the  2  middle  pairs  of  eyes  of  the  same  size,  and  equidistant  from 
one  another:  about  40  American  species. 

T.  tapldlarlomm  Eooh  (Fig.  664).  Body  6  mm.  long,  varying  in  color 
From  whitish  to  black ;  oephalothoraz  usually 
light  hrown,  the  dark  individuals  with  6 
transverse  hlack  marks  on  the  abdomen :  a 
eoetnopolitan  species  and  one  of  the  common- 
est hoose  spiders,  being  chiefly  responsible 
for  the  webs  in  the  comers;  it  breeds  sev- 
eral times  a  year  and  the  young  and  old 
are  found  at  all  seasons. 

T.  frondenm  Hents.  Body  3  mm.  long, 
and  white  or  bright  yellow  in  color,  with 
very  variable  black  markings  on  the  back, 
which  may  consist  of  2  rows  of  spots  or  a 
median  band:  in  bnshes;  common. 
^,  -j)^  T.  dlllenns  Emerton.     Body  about  3 

1^;^^  nun.  long;  abdomen  round,  reddish-brown, 

with    a    red    median    stripe    having    white 
Fi».  mt—Theriiion  tepida-      edges,  which  is  bright  in  the  female  and 
■[S5e?;  B,^lito*web.*'      *'    "*      obscure  in  the  male ;  sternum  orange :  web  od 
low  plants,  5  or  6  inches  in  diameter. 
T.  mnrariiuu  Em.     Body  about  4  mm.  long;  abdomen  round,  gray  in 
color,  with  a  reddish  median  stripe,  white  on  the  edges;  stemom  pale, 
with  a  black  edge  and  a  black  median  stripe :  on  low  bushes. 

Family  8.  LINTFHIIDAE. 
Small  spiders  with  an  elongate  bnt  high  abdomen;  mandibles  with 
teetb  around  the  terminal  claw;  epigynum  and  male  appendages  laige  and 
complex :  web  consists  of  a  flat  or  curved  sheet  of  silk  supported  above  and 
below  by  great  numbers  of  threads  and  found  either  in  open  woods  or  near 
the  ground  in  grass  and  dead  leaves,  or  in  eaves  or  cellars.  The  smaller 
species  have  the  carious  habit  of  flying  in  the  late  autumn.  They  come  to 
the  tops  of  fences  and  other  elevated  objects  and  cause  their  silk  to  be 
drawn  out  and  floated  aloft  by  the  currents  of  air,  until  they  are  themselves 
lifted  up  and  often  blown  long  distances;  about  95  American  species. 

Key  to  the  genera  of  lAnyphiidae  here  described : 
a,  Female  with  a  tertniual  claw  on  the  pedipalp. 

fij  Hinder  pair  of  median  ?;ea  not  close  together I.  LlHiPHU 

h.  Hinder  pair  of  median  eyes  close  tosetber 2.  I.EPHTRTPHAHna 

a.  No  such  terminal  claw. 

b.  No  hard  pUte  on  the  abdomen H.  Buooine 

bt  Abdomen  covered  by  a  hard  plate 4.  CSBATinDXA 
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1.  LlMSnUA  Latreille.  Legs  with  loog  spiDes  along  their  sides; 
niAzillafl  longer  than  wide;  hinder  pair  of  median  eyes  not  near  to- 
gether; terminal  segment  of  male  pedip«dp  very  large  and  complex: 
about  22  American  species. 

L.  MirglBito  Koch  (Fig.  665). 
Body  4  mm.  long;  cephalothorax  long 
and  high  in  front;  legs  long  and  slen- 
der; color  light  yellow  with  median 
brown  markings:  web  a  dome  4  or  5 
inches  in  diameter  hung  between  plants 
or  rocks,  in  the  middle  of  which  the 
spider  lives;  one  of  the  commonest 
K))iders  in  shady  woods. 

L.  phrygiaiui  Koch.  Body  5  mm. 
long;  color  light  yellow  with  a  median 
black  stripe  which  is  serrated  on  both 
matins  on  the  abdomen:  web  a  large 
sheet,  common  in  woods  and  near 
houses. 

2.  LxPHTHX PUAima  Menge.  Maxillae  longer  than  wide;  legs  with 
long  spines  along  their  sides;  hinder  pair  of  median  eyes  near  together; 
stemom  heart-shaped;  penultimate  joint  of  the  legs  with'  a  single  spine: 
4  American  species. 

L.  nebnlosna  (Snndevall)  (Fig.  666).  Length  4 
mm.;  color  variable,  nsaally  light  brownish-yellow  with 
gray  markings:  common  in  cellars  and  damp  places  about 
houses,  the  web  being  flat. 

S.  Bueon*  Savigny  and  Audonin.  Pedipalp 
in  the  female  without  a  claw;  body  rather  narrow: 
very  small  spiders  which  live  near  the  ground  in  grass, 
dead  leaves,  etc.,  in  small  webs;  about  30  American 
species. 

E.  longlpalpii  (Sundevall).    Body  2  mm.  long,  dark 

LepMhwham-      brown    in   color;    cephalothorax   smooth   and    shiny   and 

'(ConwttSo!*      sometimes  bright  orange  in   color;  small  pointed  teeth 

along  the  sides  of  the  thorax. 

E.  atttmnnalto  Emerton.    Body  1.2  mm.  long,  of  a  light  color  with 

a  bright  yellow  head. 

4.  OSKATivxLLA  Emerton.  Abdomen  covered  by  a  hard  plate; 
pedipalp  of  female  without  a  claw :  21  American  species. 

e  Brlgoiue  of  North  America,"  etc.,  by  C.  B.  Crosbj, 
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0.  flulc^g  (Cambridge).  Body  1.5  mm.;  abdomen  roimd,  and 
orange  in  color;  head  black  around  the  eyes;  the  head  of  the  male 
extends  forwards,  fomung  two  humps:  very  common  on  small  bnid:es. 

Fauilt  9.  EPEIBIDAE.' 
Boimd-web  spiders.  Usually  lai^  spiders  with  long  legs  and  an 
abdomen  which  is  rounded  or  ovoid  and  often  provided  with  humps;  often 
brightly  colored;  cephalotborax  short,  low  in  front  with  the  eyes  near 
the  front  edge  and  in  3  transverse 
groups,  the  2  lateral  pairs  being  dose 
together  and  separated  from  the  mid- 
dle eyes;  3  terminal  claws  on  eacb 
foot,  usually  with  accessory  spines 
also.  The  web  is  round  and  regular, 
with  radiating  epokes  joined  by  cross 
threads  (Fig.  667).  The  latter  form 
2  spirals,  an  inner  spiral  that  begins 
in  the  center  and  winds  outwards, 
covering  usually  less  than  a  qnarter 
of  the  finished  web,  and  an  onter 
spiral  that  begins  at  the  et^  and 
winds  inwards,  covering  a  laige  part 

Fig.  ((87— An  Mb  web  (Bmerton),      of    the    web.      The    outer    spiral    ia 
1    Inner  Bplral  i    2,  outer  aplr&l ;    8, 
■trand  koIdb  to  the  Dist.  formed  of  a  sticky  thread  which  holds 

the  insects  flying  against  it.  The 
spider  usually  tears  down  its  web  and  builds  a  fresh  one  every  night : 
this  may  be  for  the  purpose  of  renewing  the  sticky  thread,  which  gradu- 
ally hardens.    About  120  American  species  are  known. 

Key  to  the  genera  of  Epeiridae  faere  described: 
o,  Abdomen  not  elonfiate,  uBUBlly  round  or  ovoid, 
b,  Hioder  row  of  «;es  Btrongly  curved ;  targe  brightly  color^  spiders. 1.  A^IOPk 
b.  Hinder  row  of  eyes  not  curved  or  only  slightly  so. 
c,  ThorBi  without  a  deep  loasitadinal  furrow. 

d.  Head  aad  thorax  separated  by  a  deep  traneverse  cervical  groove. 2.   Ctcu>sa 
1^  No  diBtiuct  cervical  groove ;  thorax  usually  with  a  V^ahaped  furrow. 
e.  Abdomen  without  splues. 

/,  Web    entire 3.  EPBIRA 

/,  Web  lacking  a  large  legment 4.  Znxi. 

e,  Abdomea  with  promineut  Hpinea 5.  Acaosoiu 

c.  Thorax  with  a  deep  loagitudinal  furrow 6.  Manoosa 

a.  Body  elongate  and  light-colored. 

b.  Groove  between  the  spiracles  curved  markedly T.  TrrKAonATHA 

b.  This  groove  nearly  straight 8.  Leucaoob 

■  Se«  "New  Bogland  Spldem  of  the  Family  Bpelrldae,"  by  J.  H.  Emerton.  Traoa. 
Coun.  Acad.,  Vol.  e,  p.  2&6,  1B84.  "AmerlcaQ  Splden,"  etc,  by  H.  UeCook,  To).  8,  ». 
188,  18S8. 
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L  Absiops  Savigny  and  Andouin.  Cephalothorax  flat;  head  very 
small;  eyes  all  alikCf  the  eeoond  row  strongly  curved,  first  row  straight 
or  curved:  about  5  Ameriean  species. 

A.  anraotU  Lucas  (J.  riparia  Emerton)  (Fig.  668).  Body  large 
and  conspionone,  tMing  often  25  mTn.  long,  with  long  legs;  abdomen 
black  and  2  bright  yellow  or  orange  bands  underneath ;  cephalothorax 
gray  above  and  yellow  underneath:  the  web  is  sometimes  2  feet  in  diam- 
eter and  has  a  zigzag  band  of  silk  across  the  middle;  the  male  has  a 
small,  irregolar  web  nearby;  in  grass  and  bushes;  in  open  fields,  especially 
near  water. 

A.  trifasdata  (Forskal)  (A.  tranavena  Em.).  Like  the  above,  but 
a  liltle  smaller;  abdomen  white  or  light  yellow,  crossed  by  black  lines: 
web  often  in  marshes. 

2.  OroLOflA  Sfenge.  Head  and  thorax 
of  the  female  separated  by  a  deep  trans- 
verse groove:   5  American   species. 

0.  conlca  (Pallas).  Abdomen  with  a 
binnt  conical  lump  at  its  hinder  end; 
length  6  mm.;  color  gray:  the  web  has  a 
band  of  silk  across  it  in  which  the  spider 
fastens  sticks  and  rabbish,  and  is  pro- 
tected by  its  resemblance  to  them. 

8.  X^PZIBA  Walckenaer  (^ran«H> 
Simon).  Thorax  withoat  a  transverse 
furrow;  the  2  rows  of  eyes  straight  or 
nearly  so,  4  eyes  being  median  in  posi- 
tion and  a  pair  at  some  distance  from 
them  on  each  side:  about  57  American 
species.  :    : 

E.    foUat*   Koch    (E.    strix    Hentz).  Pl«.  689— Xi^w  oi«»««(to 

Length  8  mm.;  color  brown,  with  a  broad 

scalloped  stripe  on  the  back  of  the  abdomen;  cepbalothoroz  with  3  lon- 
gitudinal stripes:  common  all  over  the  eonntry  around  houses  and  on 
bushes  and  fences, 

E.  angulata  (Clerck).  Length  12  mm.;  color  dark  brown,  with  a 
yellow  stripe  on  the  sternum  and  yellow  spots  on  the  under  side  of  the 
abdomen;  anterior  end  of  abdomen  with  a  pair  of  bumps  and  a  yellow 
spot:  common  among  trees. 

E.  caratica  Keyserling  (E.  cinerea  Emerton).  Length  18  mm.;  color 
dirty  white  with  grayish  markings;  long  white  hairs  scattered  over  the 
body;  abdomen  with  2  small  humps  in  front:  common  about  houses  and 
bams  in  New  England. 
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E.  globosa  Keys.  Length  6  mm.;  abdomen  round  and  large,  and 
yellowish  in  color,  with  4  large,  square,  whitish  or  pinkish  spots  on  the 
anterior  and  3  or  4  pairs  of  black  spots  on  the  posterior  portion :  web 
large,  with  one  segment  left  open  or  partly  open  and  with  a  thread 
running  from  its  center  to  the  large  nest;  common. 

E.  prompta  Hentz.  Body  6  mm.  long  and  gray  in  color,  with  vari- 
able black  and  yellow  markings  on  the  back:  common  in  low  bushes. 

E.  gigaa  Leach  (E.  insularis  Hentz)  (Fig.  669). 
Length  16  mm.;  abdomen  large  and  ovoid,  and 
bright  yellow  or  orange  in  color  with  brown  or 
purple  markings;  cephalothorax  dull  yellow:  in 
bushes  and  low  trees;  the  spider  makes  a  nest 
of  leaves  in  which  it  stays,  holding  a  thread  which 
runs  to  the  center  of  the  web;  in  all  parts  of  the 
country. 

E.  domidlionutt  Hentz.    Length  8  mm.;  color 
Fig.  M^-^BpeUra  gigoB      light  yellow  with  brown  markings,  sometimes  with 

red  spots  on  the  abdomen;  cephalothorax  with  3 
faint  stripes;  sternum  bright  yellow  in  the  middle:  in  bushes  and  on 
fences. 

E.  trifolinm  Hentz.  Length  20  mm.;  abdomen  large  and  round, 
light  or  dark  brown  in  color,  with  white  spots;  legs  with  conspicuous 
black  or  reddish  rings;  cephalothorax  white,  with  3  black  stripes:  in 
bushes  and  tall  weeds;  the  spider  has  a  nest  of  leaves  joined  with  the 
center  of  the  web  by  a  thread  like  E,  gigas. 

4.  ZiLLA  Koch.  The  2  middle  pairs  of  eyes  near  the  2  lateral  pairs; 
the    hinder    row    of    eyes   somewhat    longer   than    the 

forward   row;   abdomen    elliptical:    about   4   American 
species. 

Z.  atrica  (Koch).  Length  7  mm.,  with  a  large, 
somewhat  flattened  abdomen;  color  gray,  with  a  broad 
scalloped  stripe  on  the  abdomen:  a  segment  of  the  web 

|j«|l-    ATA 

is  without  cross  threads,  opposite  which  a  thread  runs  A^9oma 

from  the  center  of  the  web  to  the  nest;  about  houses.         (CgSSSa}. 

5.  AoBOSOlCA  Perty  (Micraihena  Sundevall).    Small 

brightly  colored  spiders  with  a  flattened  abdomen  which  is  extended 
backwards  and  furnished  with  several  pairs  of  pointed  projections:  the 
web  often  has  a  hole  in  the  center;  4  American  species. 

A.  spinea  Hentz  (Fig.  670).  Length  5  mm.;  abdomen  narrow  in 
front  and  with  2  long  spreading  points  behind ;  2  pairs  of  smaller  spines 
also  present;  color  white  or  yellow  with  black  spots;  spines  red  and 
black. 
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6.  HavSO&A  Hentz.  Thorax  elevated  behind  and  with  a  deep 
median  furrow;  second  row  of  eyes  stra^ht  or  enrved  backwards:  3 
Ameiican  species. 

IL  gIbbmroM  (Hents).    Body  6  mm.  long  and  light  yellow  or  gray 
in  color,  the  abdomen  with  2  parallel  black  lines 
on  the  hinder  half,  and  a  number  of  small  black 
spots:  web  with  about  60  radial  spokes  and  the 
cross  spirals  very  close  tt^ether. 

7.  TxiBAGHATKA.  LfitreiUe.  Slender,  light- 
colored  spiders  living  in  their  webs  in  the  long 
^ass  in  meadows  and  near  water;  mandibles 

lai^e,  extending  forward  and  divergent:  abont  9 

4  American  species, 

T.  ftXtenBa  (L.).  Length  6  mm.,  with  abdo- 
men twice  as  long  aa  the  cephalothoraz ;  color 
yellowish-brown  or  gray. 

8.  Lkitoaii&e  White.  Elonzated  spiders  with  rig.  OTl  —  L«uMtv 
,      ,  ,  ,  ,  ,  .         HortOTBui  (Einerton).   A, 

the  lateral  eves  near  together  and  nearly  equal  in      veatral  view  of  female; 

B,  dorMl  view. 

Size;  3  claws  on  the  feet:  2  American  species. 

L.  hortomm  (Hentz)  (Fig.  G71).  Body  6  mm.  long;  cephalothorax 
and  legs  briglit  green;  abdomen  silvery  white  above,  with  a  dark  line 
through  the  middle  with  red  and  yellow  spots:  web  large,  with  a  zigzag 
band  of  silk  across  the  center. 

Fakilt  10.    THOHISIDAE.* 

The  cmb  spiders.  Short,  flat  spiders,  usually  widened  behind,  with 
a  sidewise  gait  and  a  crab-like  appearance;  the  first  and  second  pairs  of 
legs  much  longer  than  the  others  and  extended  at  right  angles  to  the 
body;  2  claws  on  each  foot;  eyes  in  two  curved  rows:  about  114  Ameri- 
can species,  which  are  found  on  walls,  flowers,  and  similar  places;  they 
do  not  make  a  web. 

K^  to  the  genera  of  Tbovtisidae  here  described; 
a,  Body  and  iega  crab-like. 
bi  I.aterB.1  eyes  on  tubercleii. 
o,  Two  eye  tubercles  on  each  side. 

d,  Hinder  eye  tubercle  the  larger 1.  TUABUB 

d.  Front  eye  tubercle  the  larxer S.  Xtsticos 

Ct  A  single  eye  tubercle  on  each  aide 2.  MlsuuiNA 

t)  No  eye  tubercle  present. 

e.  Labium  much  looger  than  wide 4.  Philodbouus 

e,  Lisblnm  not  longer  than  wide 5.  Ebo 

a.  Body  long  and  slender,  not  crab-Iihe 6.  Tibeu.'UB 

■  See  "New  KDtI*Dd  Sptden  of  tbe  Family  nonlatOae,"  by  J.  H.  Bnerton, 
TraoB.  Conn.  Arad.,  VoU  8.  p.  sng,  1B02. 
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Fig.  672 

Tmarus  oaudatut 

(Bmerton). 


1.  TxA&VB  Simon.     Front  of  head  tnmcate;  hinder  row  of  eyes 

much  longer  than  the  forward;  lateral  eye  on  each  side  being  raised  on 

tuberdesy  the  hinder  tubercle  on  each  side  being  much  larger  than  the 

forward  one;  abdomen  high  and  pointed  behind:  5  American  speeies. 

T.  candatiui   (Hentz)    (Fig.  672).    Length  6  mm.;  color  mottled 

gray;  abdomen  highest  at  hinder  end,  which  forms 
a  conical  knob:  on  trees  and  fences;  common. 

2.  IDsiriEBVA  Latreille.    Large,  brightly  colored 

or  white  spiders  living  in  flowers,  the  colors  of 

which  they  often  mimic;  the  2  lateral  eyes  on  each 

side  on  a  single  tubercle:  about  20  American  species. 

]£  Tatia  ThorelL    Length  12  mm.;  color  white 

or  yellow,  sometimes  with  a  crimson  spot  on  each 

side  of  the  abdomen  and  another  between  the  eyes; 

sides  of  thorax  yellowish :  common. 

IL  asperata  (Hentz).    Length  6  mm.;  color  pale  yellow  or  white, 

with  dull  red  markings  on  the  abdomen  and  a  brown  stripe  on  each  side 

of  the  thorax;  scattered  stiff  hairs  present;  common. 

3.  Xtbtiovb  Koch.  Each  lateral  eye  on  a  tu- 
bercle, the  forward  one  being  the  larger ;  median  ocular 
area  as  wide  or  wider  in  front  than  behind :  40  Ameri- 
can species,  which  live  under  bark,  stones,  and  leaves. 

X.  trignttatns  Keyserling.  Length  5  mm.;  females 
straw-colored  or  yellow,  with  black  spots  on  the 
thorax  and  front  of  the  abdomen  and  3  broken  trans- 
verse stripes  behind ;  male  with  a  thorax  which  is  dark 
brown  at  the  sides  and  lighter  in  the  middle,  and  an 
abdomen  banded  with  black  and  white:  very  common 
in  grass  and  low  bushes. 

X.  yersieolor  (Keyserling)  (Fig.  673).  Length  7 
mm.;  body  flattened,  mottled  black  and  gray  in  color: 
common  on  trees,  fences,  etc. 

4.  PKiLOBBOinni  Walckenaer.  Abdomen  bluntly 
pointed  behind  and  flat;  legs  long,  the  second  pair 
being  the  longest;  labium  much  longer  than  wide:  24 
American  species. 

P.  vulgaris  (Hentz)  (Fig.  674).  Length  6  mm.;  legs  very  long, 
spreading  an  inch  or  more;  color  mottled  gray  with  a  median  marking 
on  the  abdomen:  on  fences  and  walls. 

5.  Ebo  Keyserling.  Labium  not  longer  than  wide;  second  pair  of 
legs  twice  as  long  as  any  of  the  others;  median  eyes  larger  than  the 
lateral  ones;  hinder  row  nearly  straight:  3  American  species. 


Fig.  078 


Fig.  674 


Fig.  673— Xy»- 
tiou9     venioolor 

iBmerton).    Fig. 

muB     f>«l0ari« 
(Bmerton). 
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E.  latitiioraz  Keys.    Length  3  mm.;  color  gray  and  white,  with 
black  spots;  body  very  wide;  head  narrow  in  front. 

6.  TiBELLxrs  Simon.  Body  long  and  slender,  the  legs 
projecting  ahead  and  behind  and  not  sideways;  both 
rows  of  eyes  curved:  2  American  species. 

T.  oUongQB  (Walckenaer)  (T.  duttonU  Emerton)  (Fig. 
675).  Length  12  nun.;  width  2  nmt;  color  gray  or  yellow, 
with  dark  longitudinal  bands  and  a  pair  of  black  spots 
on  the  hinder  part  of  the  abdomen:  very  conmion  on 
bushes  and  grass. 


Familt  11.    CLUBIONIDAE. 

Light-colored  spiders  usually  without  color  markings ; 
upper  row  of  eyes  longer  and  the  eyes  usually  larger 
than  the  under  row;  mandibles  of  females  swollen  at 
the  base :  the  animals  live  in  flat  tubular  webs  in  roUed-up 

Fix.  675 

leaves  or  on  plants  and  under  bark  and  stones;  about  95  Tibettus 

American  species.  (Bin«rton). 

Key  to  the  genera  of  Cluhionidae  here  described : 

lit  Posterior  spinnerets  with  a  very  distinct,  conical  terminal  segment. 
&i  Labium  much  longer  than  wide  and  extending  beyond  the  middle  of  the 

maxillae  1.  Clubiona 

\  Labium  about  as  long  as  wide  or  less  so,  and  not  extending  beyond  the 
middle  of  the  maxillae ;  sternum  extending  between  the  hind  legs. 

2.  Phbubolithus 
Oa  Posterior  spinnerets  with  a  very  short  and  fre- 
quently   indistinct   terminal   segment. 
5i  Cervical  groove  present. 

Ci  Legs   spiny 3.  CASTlAlfEiaA 

0^  Legs  not  spiny 5.  Trachelas 

&i  Cervical  groove  absent 4.  Mioasia 

1.  Clvbioka    Latreille.    Hinder    legs    longer 

than    forward;    spinnerets   distinctly   segmented; 

^  .    labium  longer  than  wide;  mandible  long;  eyes  very 

near  the  front  margin  of  head :  about  20  American 

species. 

0.  obesa  Hentz   (C.  crassipdlpia  Keyserling) 

(Fig.  676).    Length  6  mm.;  pale  in  color,  without 

markings;  mandibles  and  ends  of  male  pedipalps 

Fig.  676 — CfiuhUHta      dark:  eyes  in  each  row  equidistant,  the  hinder 
ooeta  (Bmerton).  •    .         ,      , 

row  being  the  longer:  common. 

2.  PHBimOLZTHirB  Koch.    Each  terminal  claw  with  6  to  10  spatu- 

late    hairs;    sternum    broad    and    extending   between    the    hind    legs:    8 

American  species. 
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P.  alarins  (Hentz)  (Fig.  677).  Length  3  mm.;  cei^alothoraz  light 
yellowish,  with  a  black  line  on  each  edge;  abdomen  covered  with  irides- 
cent scales  which  change  in  color  from  grayish-green  to  pink:  a  very  active 
spider  living  among  stones  on  the  ground. 

S.  OABTUJnOBA  Keyserling.  Cervical  groove  pres- 
ent; anterior  median  eyes  not  close  to  the  margin  of  the 
head;  l^s  spiny:  about  18  American  species. 

0.  descripta  (Hentz)  (C,  crocata  Emerton).  Length 
8  nmi.;  body  black,  with  a  bright  red  spot  on  the  end  of 
the  abdomen;  ends  of  legs  yellow:  among  stones  in  dry, 
open  places;  its  egg  case  is  a  small  parchment-like  disc 
attached  to  a  rock. 

4.  MXOAMIA  Westring.    Body  covered  with  scale-like 
hairs;  last  segment  of  the  hind  spinnerets  very  short, 
frequently  indistinct,  with  an  oblique  groove;  no  cervical 
groove:  13  American  species. 
piJ2^iithu8  ^  aurata  (Hentz).    Body  resembles  an  ant  in  size 

(Bm^on).       ^T^^  color;  length  6  nmi.;  color  light  brown,  varying  to 

bright  yellow  and  orange:  eastern  states. 
5.  T&AOKXLAS  Koch.  Posterior  row  of  eyes  curved  forward ;  legs  with- 
out or  with  few  spines,  dorsal  groove  present:  about  5  American  species. 
T.  tranqoilla  Hentz  (T.  ruber  Keyserling).    Length  8  mm.;  cephalo- 
thorax  wide;  abdomen  ovoid;  color  deep  orange  brown,  the  abdomen 
much  lighter  than  the  cephalothorax :  under  stones  and  leaves. 

Familt  12.    AGELENTOAE. 

The  funnel-web  spiders.  Cephalothorax  large,  and  often  narrow  in 
front  and  broad  behind;  cervical  groove  present;  hind  spinnerets  very 
long  and  2-jointed ;  mandibles  large ;  3  terminal  claws  on  the  feet :  mostly 
large  spiders  which  make  a  flat  web  on  the  grass  and  in  the  comers  in 
bams  and  cellars,  in  the  middle  of  which  is  a  funnel-shaped  tube  form- 
ing the  spider's  retreat;  about  50  American  species. 

Key  to  the  genera  of  Agelenidae  here  described : 

Oi  Spinnerets  not  in  a  transverse  line. 

^1  Both  rows  of  eyes  strongly  curved  backward 1.  Agelexva 

5b  Both  rows  of  eyes  not  or  but  slightly  curved  backward. 

Ci  Anterior  median  eyes  much  smaller  than  the  lateral 2.  Oobas 

c.  Anterior  median  eyes  either  equal  in  size  or  smaller  than  the  lateral. 

3.  Tegkrabia 
Ob  Spinnerets  in  a  straight  or  curved  line 4.  Hahhu 

1.  Agelxva  Walckenaer.  Both  rows  of  eyes  strongly  curved  back- 
wards so  that  the  anterior  median  and  the  posterior  lateral  are  in  a 
straight  line;  terminal  segment  of  the  hind  spinnerets  at  least  as  long 
as  the  basal  segment:  about  4  American  species. 
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A.  ]uevi»  Walck.     Grass  spider  (Fig.  678).     Body  18  mm.  long  or 
UeB,  and  yellowish  brown,  or  blaek  in  color,  with  gray  or  dark  markings 
and  apoU  on  the  abdomen  and  broad  longitudinal  stripes  on  the  cephalo- 
ihorax,  and  covered  with  fine  hairs:  the  very 
common  spider  which   makes  flat   webs   in  the 
grass   which  are  conspicuous  when  covered   by 
dew;  also  io  bouses. 

2,  OoBAS  Simon.  Rows  of  eyes  not  curved 
or  but  slightly  so;  anterior  median  eyes  much 
lai^r  than  the  lateral:  1  species. 

0.  medlciluUs  (Hentz)  (Fig.  679).  Body 
12  mm.'  long,  li^t  yellowish-brown  in  color  and 
oovered  with  gray  hairs;  abdomen  large  and 
oval  and  marked  with  gray 
spots  of  irr^ular  shape:  in 
woods  among  rocks  and  under 
loose  bark,  the  web  is  not  flat, 
hut  is  nsually  curved  in  sev- 
eral places. 

3.  Teozmabu  Latreille.  Eyes  all  of  the  same 
size,  both  rows  cnr\-ed,  the  forward  row  but  slightly; 
l^s  long  and  slender:  about  7  American  species. 

T.  derhunl  (Scopoli).    Body  10  mm.  long,  pale 
in  color,  with  gray  stripes  and  spots;  first  and  fonrth 
pairs  of  legs  the  longest:  in  cellars,  bams,  etc.;  the 
web  often  forme  a  thick  shelf  in  the 
comer;  very  common,  having  been  im- 
ported from  Europe,  it  and  TheHdion 
tepidariorum  making  moat  of  the  comer 
webs  in  cellars. 
4,  Hah>U  Koch.    Spinnerets  extend  across  the  abdo- 
men in  a  straight  or  curved  line;  anterior  middle  eyes 
smaller  than  the  lateral :  about  6  American  species. 

H.  agllll  Keyserling  {S.  bimaculata  Emerton)    (Fig. 
680).    Lengtb  3  mm.;  cephalotborax  bright  orange  brown 
in  color  and  the  legs  and  abdomen  pale  yellowish  with  gray  markings: 
oommon  under  stones  and  leaves  or  among  grass  and  moss. 

Pamilv  13.    PIHATJBIDAB. 
Eyes  in  3  rows;  cocoon  carried  in  the  mandibles  of  the  female; 
cephalothorax  broad  and  flat:  ground  spiders  of  large  size  similar  to  the 
Lycosidae;  about  IS  American  species. 


(BmertoD). 
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1.  PiBATrsiVA  Simon.  Anterior  row  with  4  eyes  of  same  size  and 
straight;  area  of  the  middle  eyes  longer  than  broad:  3  American  speeies. 

P.  nndata  (Walckenaer).  Length  13  mm.;  color  light  brownish- 
yellow,  with  a  wide,  median,  dark  band  edged  with  white  running 
the  length  of  the  body;  abdomen  long  and  narrower  than  the  cephalo- 
thorax :  common  in  bushes ;  no  web  is  made 
until  the  young  are  ready  to  hatch,  when 
the  female  builds  a  small  web  about  the 
cocoon  in  which  the  young  may  live. 

2.  DoLOMEDSB  Latreille.    Area  of  the 
middle  eyes  as  broad  or  broader  than  long;  anterior 
row  of  eyes  curved  forward :  7  American  species. 

D.  fontanna  Emerton  {D.  tenehrosus  Em.)  (Fig. 
681).  Length  20  mm.,  with  legs  spreading  10  cm.; 
color  gray;  cephalothoraz  larger  than  the  abdomen 
and  with  light  bands  on  the  side ;  abdomen  with  dark 
cross  lines:  common  on  the  ground  in  low 
bushes  near  water  with  habits  like  P. 
undata. 

D.  sexpnnctatna  Hentz.     Length  15 
mm.;  color  dark  greenish-gray,  with  a  whitish  line 
on  each  side  of  the  length  of  the  body;  abdomen 
larger  than  the  cephalothorax ;  sternum  with  6  dark 
spots :  common  under  stones  near  the  water  on  which  Fig.  681 

_.,  Dolomedes  fontanm» 

it  runs  readily.  (Emerton). 

Family  14.    LYOOSIDAE.^ 

Wolf  spiders.  Large,  active  spiders  which  live  on  or  near  the 
ground;  eyes  .usually  in  3  rows;  in  the  front  row  are  4  small  eyes  and 
back  of  these  2  pairs  of  large  eyes;  cephalothorax  high  and  prismatic; 
feet  with  3  claws,  the  small  one  surrounded  by  hairs :  no  web  built,  but 
many  species  line  their  retreats  with  silk;  the  cocoon  is  attached  to  the 
spinnerets  and  the  young  spiders  are  carried  for  a  short  time  on  the 
mother's  back;  about  114  American  species. 

Key  to  the  genera  of  Lycosidae  here  described : 

Oi  Labium  longer  than  broad. 
hx  Posterior  spinnerets  not  longer  than  the  anterior  or  but  slightly  bo. 

Ci  Cephalothorax  highest  in  tiie  cephalic  region 1.  Ltgosa 

Ct  Cephalothorax  highest  in  the  middle 2.  Tbochosa 

5,  Posterior  spinnerets  half  again  as  long  as  the  anterior 4.  Pibata 

o.  Labium  at  least  as  broad  as  long. 3.  Paboosa 

*  See  "New  England  Lycosldae/*  by  J.  H.  Emerton,  Trans.  Conn.  Acad.,  Vol.  6,  p. 
481,  1886.  "Canadian  Spiders,"  by  same,  ibid.,  VoL  9.  1895.  "DescriptionB  of  North 
American  Araneae  of  the  Families  Lycosidae  and  Pisanridae,"  by  T.  H.  Montgomery, 
Proc.  Acad.  Nat  Sd.,  Phila.,  1904,  p.  261. 
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1.  Ltooba  Latreille.  Head  very  high  and  with  sloping  sides; 
labium  longer  than  broad;  hinder  2  pairs  of  eyes  not  on  the  margin 
of  the  head ;  legs  usually  long  and  with  long  spines :  about  50  American 
species. 

L.  hellno  Walckenaer  (L.  nidicola  Emerton).  Length  18  mm.;  long- 
est legs  25  mm.;  eolor  dull  yellow  or  greenish-brown,  with  3  narrow 
yellow  stripes  on  the  cephalothorax  and  a  pointed  stripe  on  the  front 
half  of  the  abdomen :  common  under  stones  in  moist  meadows  and  woods ; 
the  female  is  seen  with  her  cocoon  in  early  summer. 

L.  avida  Walck.  (L.  communis  Em.)  (Fig.  682).  Length  10  mm.; 
longest  legs  18  mm. ;  color  from  gray  to  black,  with  3  light  stripes  on  the 
eephalothorax  and  a  pair  of  broad  median  stripes  meeting  behind  on  the 

abdomen:  common  in  pastures,  the  female  is  carry- 
ing her  cocoon  in  early  summer. 

L.  rabida  Walck.  (L.  scutulata  Hentz).  Length 
13  mm.;  longest  legs  26  mm.;  cephalothorax  dark 
gray  in  color,  with  3  light  stripes;  abdomen  with  a 
wide  median  stripe  and  several  light  and  dark  lines 
at  each  side. 

L.    carolinensis    Walck.    One    of   our   largest 

spiders,    sometimes   over   35   mm.   long   with   legs 

^  spreading  75  nmi. ;  body  covered  with  thick  hidr  and 

/brown  above  and  black  beneath  in  color:  on  the 
ground  or  in  its  hole,  a  deep  cylindrical  pit,  in  which 
the  eggs  are  hidden. 

^ia^l^wton^  ^  ^^^^  ^^"   (^-  f^^^^^ola  Scudder).     Sand 

spiders.  Length  18  mm. ;  color  of  male  gray  or  sand 
color,  with  a  spot  in  the  middle  of  the  abdomen,  female  gray  or  slate 
color,  with  a  broad,  serrate  band  on  the  abdomen:  the  female  lives  in 
a  hole  10  inches  deep,  around  the  mouth  of  which  is  sometimes  a  low 
turret  of  sticks. 

2.  Troohosa  Koch.  Legs  quite  short;  first  row  of  eyes  about  as 
long  as  the  second,  which  is  not  quite  as  long  as  the  third  row:  4 
American  species. 

T.  cinerea  (Fabricius).  Length  12  mm.;  body  gray  or  sand  color 
with  small  spots :  common  on  beaches  and  in  sandy  fields. 

3.  Pabdoba  Koch.  Slender  spiders  with  long  legs;  labium  at  least 
as  broad  as  long;  front  row  of  eyes  shorter  than  the  second;  second  and 
third  pair  of  eyes  large  and  near  the  lateral  margin  of  the  head:  30 
American  species. 

P.  nigropalpis  Emerton.  Length  6  mm.;  color  black  with  a  wide, 
irregular  median  area;  pedipalps  of  male  black:  on  the  ground. 
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Fig.  683  —  Pirata 
piraiica  (Emerton). 
A,  dorsal  aspect;  B, 
front  view,  showing 
the  eyes. 


4.  PzBATA  Sundevall.    Labium  longer  than  broad;  first  row  of  eyes 

as  broad  as  the  second:  beneath  stones  and  in  the  grass  near  the  water 

over  the  surface  of  which  they  may  freely  run;  16  American  species. 

P.  piratica  (Clerck)   (P.  marxi  Stone)   (Fig.  683).    Length  6  mm.; 

color  pale  yellow  with  gray  or  black  markings; 

eyes  of  the  second  row  about  half  their  diameter 

apart. 
Familt  15.    ATTIDAE.^ 

^^^     ^SM  Jumping  spiders.    Eyes  in  3  rows,  the  front 

row  usually  curved  and  composed  of  4  large  eyes, 
the  second  row  of  2  very  small  eyes,  the  third  row 
far  back  on  the  head  and  composed  of  2  laige  eyes 
which  are  usually  turned  a  little  backward;  cepha- 
lothoraz  large  and  wide  in  front;  legs  strong  and 
short  and  with  2  terminal  claws  on  each;  body  cov- 
ered with  hairs  or  scales:  no  web  made,  but  some 
species  make  silk  bag-like  retreats  on  plants  and 

under  stones;  the  spiders  run  and  jump  sidewards  and  backwards  as  well 

as  forwards;  about  213  American  species. 

Key  to  the  genera  of  Attidae  here  described : 

a,  Body  not  shaped  like  an  ant. 
hi  Abdomen  not  longer  than  the  hind  legs. 
Oi  Body  not  noticeably  flattened. 
di  Front  row  of  eyes  not  touching  one  another. 

ei  Eye  area  broader  than  long,  body  short  and  wide 1.  Attus 

e^  Eye  area  not  broader  than  long. 

fi  Eye  area  somewhat  wider  behind  than  in  front 2.  Phidipfus 

/,  Eye  area  quadrangular 3.  Dendbyfhantes 

di  Eyes  of  front  row  touch  one  another 4.  Salticus 

Os  Body  noticeably  flattened 5.  Mabfissa 

hi  Abdomen  longer  than  hind  legs 6.  Htctia 

0,  Body  like  an  ant  in  shape 7.  Stnemostna 

1.  Atttts  Walckenaer.  Eye  area  broader  than  long; 
first  leg  with  2  rows  of  spines  on  distal  half;  third  leg 
shorter  than  the  fourth:  about  6  American  species. 

A.  palostris  Peckham  (Fig.  684).  Length  6  nun.; 
color  brown  or  gray,  with  a  median  white  line  on  the 
cephalothorax ;  abdomen  with  white  spots  and  markings: 
on  plants,  with  nests  among  the  leaves. 

2.  PHZDZPPmi  Koch.  Cephalothorax  high;  eye  area  wider  behind 
than  in  front;  first  leg  thick  and  long;  third  leg  shorter  than  the  fourth: 
about  50  American  species. 

*  See  "Attidae  of  North  America,"  by  O.  W.  and  B.  O.  Peckham,  Trans.  Wis. 
Acad.  Sci.,  Vol.  7,  1888.  "New  England  Spiders  of  the  Family  Attidae,"  by  J.  H. 
JBmerton,  Trans.  Conn«  Acad.,  VoL  6,  p.  220,  1891. 


Big.  684— At- 

ius  palustri9 

(Emerton). 
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F.  podlgronu  Hentz  (P.  mtiUiformis  Emerton)  (Fig.  685).    Length 
8  mm.;  males  black,  with  white  and  orai^e  markings  on  the  abdomen; 
female  brown,  mixed  with  black,  white,  and  yellow, 
there  being  3  or  4  paits  of  white  spots  on  the  abdo- 
men of  both  sezes :  very  common  on  plants,  with  hag- 
like  neats  among  the  leaves. 

?.  sndaz  Hents.  Length  12  mm.;  color  black, 
with  3  large,  white  spots  on  the  abdomen  and  several 
smaller  ones:  common  onder  stones  and  sticks  where 
it  has  a  nest. 

3.  DxwsBTFKAvm   Koch.     Second   and   third 

rows  of  eyes  both  small;  eye  area  forma  a  quadrangle; 

cephalothorax  rather  high  and  short; 

third  leg  shorter  than  fourth:  about 

^  American  species.  Big.  689 — PMdip- 

—  .  IT.  ,  P"'  podagroia» 

a,  capitatna  (Hentz)  (£>.  ceattva-  lEmertoD). 

lu  Peckham).     Length  5  mm.;   legs 
ringed;  color  variable,  in  male  dark  brown  with  a  white 
stripe  on  each  side,  in  female  %ht  yellow  with  4  pairs 
of  brown  spots  on  the  abdomen:  common  on  bushes. 

4.    SALTlcrtTfl     Latreille     (Sptblemum 
Hentz).    Eyes  of  front  row  touching  one 
Pit  esq    Barn       another;  mandibles  of  male  very  long  and 
?Hmert™)*         projecting  in  front  of  bead:  4  American 
species. 
8.  BcenicoB  (Clerck)  (Fig.  686).    Length  6  mm.;  gray 
in  color  with  2  pairs  of  oblique,  white  spots  on  the  abdo- 
men   and  2    white    spots   on    the  cephalothorax:    one   of 
the  commonest   jumping   spiders,  on   houses  and   fences; 
also  in  Europe. 

6.  MaBWBBA  Koch  [Marptuaa  Tborell).  Cephalo- 
thorax and  abdomen  both  widened  in  the  middle  and  of 
about  the  same  size;  l^s  long  and  thick:  6  American 
species. 

H.  familiuis  (Hentz).    Length  12  mm.;  body  flat- 
tened, gray  in  color;  cephalothorax  with  a  dark  brown 
band  along  each  side;  abdomen  with  a  broad,  irregular, 
yellowish-white   median   band :   common   on   houses  and         ~^  ^^ 
fences.  Huctia  pux 

6.  Htotia  Simon.     Abdomen  long  and   slender  and 
narrower  than  the  cephalothorax;  front  legs  much  lai^r  than  the  others: 
2  American  species. 
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H.  pikal  PeckbKtn  (Fig.  087).  Body  8  mm.  long  and  very  slender, 
with  the  abdomen  twice  as  long  as  the  cephalotborax  and  longer  than  the 
hind  legs;  ahdomen  with  a  very  broad,  black  stripe  having  3  notches  on 
each  side;  rest  of  the  body  whitish;  front  legs  brown,  others  white: 
common  on  sand  and  grass,  on  which  it  often  lies  with  the  l^s  p&rallei 
to  the  body,  so  that  it  wonld  be  seen  with  difficulty. 

7,  Stvzhostha  Hentz.  Cephalothorax  and  abdomen  each  with  a 
deep  dorsal  depression;  middle  of  the  body  slender,  front  middle  eyes 
large,  the  rest  small :  1  species. 

S.  formica  Hentz.    AnMike  spider  (Fig.  68S).    Body  6  mm.  long 

and  very  slender;  cephalothoraz  narrowed  behind  and  the  abdomen  in 

front,  and  each  has  a  deep  dorsal  depression  in  the  middle; 

color  black  with  yellowish  mailings:  the  spider  resembles 

an  ant  in  shape  and  method  of  walking. 

Order  8.    AOABINA.* 

The  mites.    Small  arachnids,  in  which  eephalothonz 
and  abdomen  are  nnsegmented  and  so  jomed  that  the  short, 
thick  body  is  more  or  less  ovoid  or  globose  in  shape.    In 
some  forms  a  suturo  separates  the  forward  part  of  the  body 
with  two  pairs  of  legs  from  the  hinder  part  with  the  two 
hinder  pairs;  in  a  few  also  the  abdomen  is  elongated  and 
annnlated,  althougji  not  segmented.     The  «x  pairs  of  ap- 
«v^>«tiia«v<H>       pondages  are  well  developed  and  consist  of  the  mandibles 
(^mertoD).        ""^  pedipalps  and  four  pairs  of  legs,  except  in  the  £no- 
phyidae,  which  have  but  two  purs.    The  mandibles  may  be 
chelate  or  formed  for  piercing  and  sacking.    The  pedipalps  are  usually 
more  or  less  leg-like,  with  five  joints  or  less,  and  in  some  forms  they 
are    chelate    or   subchelste ;    the    basal    joints    may    form    plates    called 
the  maxillae,  or  they  may  unite  to  form  a  lip  or  labium.     Accessory 
mouth  parts  are  often  present,  as  a  hypostome  or  under  lip  and  tongue, 
and  an  upper  lip  or  epistome;  the  latter  may  be  united  with  the 
lip  below  to  form  a  tube  called  the  rostrum,  from  which  the  man- 
dibles protrude.     The  legs  are  osually  5-jointed  and  end  each  with  two 
claws.    The  estemal  surface  of  the  body  is  more  or  less  covered  with 
tactile  hairs  or  with  scales.     Eyes  are  either  present  or  absent.    The 

•  S«e  «A  Tr««tlBe  on  tbe  Acariua  or  Hltei,"  by  Nathan  Banks,  Proe.  U.  B.  Kat. 
Hoa..  Vol.  28,  p.  1,  1905.  'A  Catalogup  of  the  Apnrlna  or  MItea  of  the  United 
Btatea."  by  Natban  Bcnks,  name.  Vol.  32,  p.  tlSG,  IBOT.  "Th«  Life  History  and 
BlnomlcB  of  Some  North  American  Ticks,"  tay  W.  A.  Hooker  iDd  others.  Ball.  106, 
Bur.  Ent.,  V.  S.  Dept.  Ag.,  1QI2.  "New  Mites,"  by  U.  E.  Ewing,  Bull.  Am.  Has. 
Nat.  HUt,  Vol.  32,  p.  93,  1813.  "The  Acarina,"  by  N.  Banki,  Bep.  lOB,  Bur.  Ent, 
1015. 
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anas  is  at  the  hinder  end  of  the  body;  the  genital  pore  lies  in  front 
of  it. 

The  internal  structure  is  characterized  by  its  compactness.  The 
digestive  tract  is  well  developed.  Two  Malpighian  tubules,  if  any,  are 
present.  Many  forms  have  no  special  respiratory  system;  others  have 
tracheae,  which  open  to  the  outside  through  a  pair  of  spiracles  situated 
either  at  the  base  of  the  mandibles  or  near  the  hind  l^s. 

The  nerve  ganglia  are  all  united  into  a  single  mass,  which  is  pierced 
by  the  OBSophagus.  Mites  are  unisexual  animals.  The  young  animal  is 
usually  bom  as  a  larva  with  six  legs  (Fig.  713,  C) ;  after  feeding  awhile 
it  passes  into  a  resting  stage,  from  which  it  emerges  as  a  so-called 
nymph,  which  has  eight  legs  but  no  genital  orifice;  at  the  end  of  the 
nymphal  stage  it  again  becomes  quiescent  and  develops  into  the  adult. 
In  some  forms  the  development  is  abbreviated  and  the  young  animal  is 
bom  as  a  nymph,  or  even  as  an  adult.  The  six-legged  larval  stage  has 
been  observed  in  certain  species  to  be  preceded  by  an  eight-legged  embry- 
onic stage,  which  seems  to  indicate  that  the  former  condition  is  not  a 
primitive  one. 

Most  mites  are  land  animals  and  about  half  the  species  are  parasitic, 
many,  as  the  itch  and  mange  mites  and  the  ticks,  being  among  the  most 
troublesome  and  even  dangerous  parasites  infecting  man  and  his  domestic 
animals.  Many  are  parasitic  on  insects,  especially  on  beetles  and  ants. 
A  few  are  entoparasites,  Halarackne,  living  in  the  trachea  of  seals,  and 
Pneumonysstis,  in  the  lungs  of  a  monkey.  The  non-parasitic  forms  eat 
small  animals,  including  each  other,  and  also  decaying  plant  or  animal 
matter,  and  are  found  on  plants  and  the  ground,  under  bark  or  dead 
leaves,  while  some  form  galls  on  plants.  The  Hydracknidae  and  Halaca- 
ridae  are  aquatic,  the  former  living  in  fresh  and  the  latter  in  salt  water. 
They  are,  however,  very  little  modified  for  swimming,  and  possess  no  gills. 
The  order  contains  about  3,000  species,  about  500  being  known  in  this 
country.     These  are  grouped  in  about  26  families. 

Key  to  the  families  of  Acarina  here  described : 

Ox  Body  elongate  and  worm-like,  the  hinder  part  ringed ;  animals  minute. 

&i  Gall  mites ;  but  4  legs  present 1.  Bhiophtidas 

5,  Eight  legs  present ;  mammalian  parasites 2.  Demodicidae 

o.  Body  not  worm-like. 
\  No  spiracles  or  trachea  present ;  minute  mites. 
Ox  On  mammals  or  birds. 
dx  Itch  and  mange  mites ;  parasites  in  the  skin  of  mammals.  .3.  Sabcoptidak 

d.  Bird  mites ;  among  the  feathers  of  birds 4.  ANALOBsroAE 

c^  In  fruit,  grain,  cheese,  etc.,  and  in  certain  plants 5.  Ttboglypuidae 

ba  Spiracles  and  tracheae  usually  present 
Cx  Homy  mites ;  a  pair  of  usually  club-shaped  bristles  on  cephalothorax. 

6.  Obibatidab 
c.  No  such  bristles. 
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di  Each  spiracle  in  a  stigmal  plate  (Fig.  700,  G)  near  the  fourth  pair  of  legs. 
Ci  Stigmai  plate  in  front  of  fourth  leg. 

fx  Not  on  birds  (except  the  genus  DermanyMus) 7.  GAiCASiDiJE 

/a  Parasitic  on  birds 8.  Argasxdak 

€b  Stigmai  plate  behind  fourth  leg 9.  Ixodidak 

di  Spiracles  not  in  stigmai  plates,  but  at  the  base  of  the  mandibles  or  near 
the  fourth  pair  of  legs. 
e^  Aquatic  mites. 

A  Fresh-water  mites 10.  Htdbachiodab 

/,  Salt-water  mites  11.  Halacabidae 

e.  Not  aquatic. 

ft  Mandibles  long  and  snout-like 12.  Bdeludab 

/,  Mandibles  not  so ;  body  often  red. 

Qx  Mandibles  chelate ;  eyes  stalked 13.  Tbombidiidak 

gt  Mandibles  piercing ;  eyes  sessile. 
hi  Mid-dorsal  line  present;  not  web-spinning. . .  .14.  Rhtncholophidae 
h^  No  mid-dorsal  line ;  web-spinning 15.  Tetranychidae 

Familt  1.    EBIOPHYIDAE.^     (Phttoptidak.) 

Oall  mites.  Body  minute  and  worm-like,  the  hinder 
part  being  greatly  prolonged  and  ringed ;  eyes  and  tracheae 
absent;  but  2  pairs  of  legs  present,  the  hinder  2  parts  being 
represented  by  wart-like  projections  or  by  hairs;  pedipalps 
leg-like  and  3-jointed,  and  holding  between  them  the  ros- 
trum, in  which  lie  the  needle-like  mandibles;  anus  at  the 
hinder  end.  The  animals  feed  on  plant  juices  and  are  the 
cause  of  galls,  fuzzy  spots,  and  other  deformed  structures 
on  plants.  The  gall  always  has  an  opening  (differing  in 
this  respect  from  those  of  the  Hymenoptera  and  the  Dip- 
tera,  but  not  the  Homoptera)  and  vary  much  in  form 
among  the  different  species.  A  fuzzy  spot  or  erineum  is  a 
dense  mass  of  twisted  hairs,  among  which  the  mites  live. 
Some  of  these  mites  live  in  buds  and  kill  them,  others  cause 
the  edge  or  surface  of  a  leaf  to  curl  or  fold,  while  still 
others  produce  abnormal  growths  on  twigs.  The  family 
contains  about  227  species,  27  species  being  American. 

Ebiophyes     von     Siebold     {Phytoptus     Dujardin). 
Number  of  rin^  about  the  same  on  upper  and  under  sides 
of  the  body:  about  144  species,  22  American. 
E.  P3nri  (Pagenstecker).    Pear-leaf  blister.    Length  .19  mm.;  width 

.05  mm.:  causes  round,  red  spots  on  pear  leaves,  the  opening  being  on 

the  under  side;  the  animals  winter  in  the  leaf  buds. 

*  See  "The  Pbytopt!  and  Other  Injurious  Plant  Mites/*  by  H.  Garmsn,  Twelfth 
Rep.  of  St.  Ent.  Illinois,  1883,  p.  23.  "Eriophyldae/*  by  A.  Nalepa,  Das  Tlerrelch, 
1898.  "Galls  and  Insects  Producing  Them,*'  by  M.  8.  Cook,  Ohio  Nat.,  Vol.  2,  p.  293 ; 
Vol.  3,  p.  419 ;  and  Vol.  4,  p.  125, 1902-04.  "The  Brtophyidae,  Part  I,  The  Apple  and 
Pear  Mites,"  by  P.  J.  Parrott,  H.  B.  Hodgkins  and  W.  J.  Scboener,  Bull.  283,  N.  Y. 
Ag.  Bz.  St.,  1906. 


Fig.    689 
Sriophyet 

viti9 
(Bai*8). 
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E.  Tttii  (Laudois)  (Fig.  689).  Prodoces  an  erineum  on  the  under 
side  of  ^ape  leaves,  which  causes  a  swelling  on  the  upper  sidej  length 
.16  nun.;  width  .032  mm. 

£.  gnadrlpea  (Shimer).  Prodnces  round  galls  on 
leaves  of  the  soft  maple. 

Paioli  2.    DEMODICIDAE.* 

Body  minste  and  worm-like,  the  hinder  part  being 
greatly  prolonged  and  ringed;  eyes  and  tracheae  abeent; 
4  paira  of  3-jointed  lege;  pedipalps  close  against  the  to»- 
tnim;  anns  just  back  of  the  hind  l^s:  1  genus  with  about 
6  species. 

Dexosuc  Owen.  With  the  characters  given  above: 
several  species,  which  live  in  sebaceous  glands  and  hair 
follicles  of  man  and  the  domestic  animals. 

D.  foUicnlonim  Simon  (Fig.  690).  Length  A  mm.  or  less;  width 
.05  nun.:  in  the  skin  of  the  human  face,  supposed  to  be  the  cause  of 
"blackheads";  also  in  eattle  and  h(%s. 

D.  boria  Stiles.  Length  .25  nun.;  width  .064  nun.:  in  the  skin  of 
cattle,  causing  swellings  of  the  size  of  a  pea  in  the  hide. 

Pakilt  3.    8AEC0PTIDAE." 
Itch  mites.     Body  minute,  globular,  or  ovoid  in  shape,  finely  striated 
on  the  surface  and  with  a  few  long  bristles;  eyes  and  tracheae  absent; 
legs  short,  each  ending  in  1  or  2  claws  or  a  stalked  or  sessile  sucker  or  a 


of  female ;   B,  ventral  aspect 


bristle;  pedipalps  close  against  the  rostrum;  mandibles  usually  chelate: 
in  the  skin  of  mammals  and  a  few  birds,  causing  itch  and  mange.  The 
female  burrows  through  the  skin,  feeding  on  the  tissues,  and  leavii^  a 
row  of  e^s  behind  her,  and  finally  dies  at  the  end  of  her  burrow.  Tb« 
■  See  "Demodlddae  tt  Sareoptldae,"  Dm  Tiemlcb,  18M. 
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Fig.  692 

P9<Hropte9  OVi9 — 

female  (Banks). 


young  female  on  being  fertilized  starts  a  burrow  and  thus  a  host 
becomes  infested  in  patches.  About  100  species,  13  species  beiifg^ 
American. 

1.  SAmooPTBS    Latreille.    The   first   two   pairs   of   legs   end    with 
stalked  suckers  and  in  the  male  the  fourth  pair  also;  the  others  end 

each  with  a  long  bristle ;  mandibles  chelate :  in  mammals, 
burrowing  in  the  skin;  about  14  species,  6  American. 
8.  BCabiei  (DeGeer)  {8,  hominis  Hering).  Itch  mite 
(Fig.  691).  Length  of  female  .45  mm.;  width  .35  mm.; 
male  half  as  large;  egg  .14  mm.  long:  causes  itch  in 
man  and  mange  in  hogs. 

8.  canis  Qerlach.  Mange  mite.  Length  of  female 
.48  mm.;  width  .35  mm.;  egg  .17  mm.  long:  Gau£|^ 
mange  in  dogs,  also  in  man« 

8.  cati  Hering.  Mange  mite.  Length  of  female 
.25  mm.;  width  .2  mm.;  egg  .1  mm.  long:  causes  mange 
in  cats. 

2.  PsoROPTXB  Gervais.  Mandibles  adapted  for 
piercing  and  not  burrowing;  stalks  of  leg  suckers  jointed:  on  the 
surface  of  the  skin  of  mammals,  where  they  suck  blood;  5  speeiea 

P.  OYis  Hering.  Scab  mite  (Fig.  692).  Length  of 
female  .60  mm.;  width  .40  mm.;  egg  2  mm.  long:  on 
sheep,  cattle,  and  horses,  causing  scab;  the  eggs  hatch 
in  2  or  3  days  and  the  young  mature  in  15  days;  the 
females  hve  several  weeks,  laying  numerous  eggs;  an 
infection  thus  spreads  very  rapidly  and  may  cause  the 
death  of  the  host;  commoo  in  the  west. 

3.  Chobioptsb  Gervais.  Females  with  suckers  on 
the  fourth  pair  of  legs:  on  the  surface  of  the  skin  of 
mammals,  being  restricted  to  certain  parts  of  the 
animal;  2  species. 

0.  commnnis  Ziim.  Length  of  female  .42  mm.;  width  .27  mm.: 
causes  local  inflammation  in  the  ears  of  dogs,  cats,  and  rabbits. 

4.  OvEiaDOOOFTSB  Fiirst.  Female  without  suckers  on  any  of  the 
legs;  mandibles  chelate:  on  birds;  2  American  species. 

0.  mntans  Robin  (Fig.  693).  Length  of  female  .45  mm.;  width  .35 
mm. :  the  itch  mite  of  fowls,  causing  scaly  leg,  but  also  appearing  among 
the  feathers. 


Onemidoeopttt 
«Hita«M 

(Banks). 


Family  4.    ANALGESIDAE.     (Debmalxichidax.) 

Bird  mites.    Minute  mites  with  an  elongated  body,  a  transversely 
striated  integument  and  often  a  transverse  suture  between  the  front  2 
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and  tbe  back  2  pairs  of  legs;  maadibtes  uBually  chelate  and  beneath  an 
epistome;  legs  with  5  jointe  and  with  a  terminal  sucker;  in  some  genera 
the  male  has  a  pair  of  clasping  suckers  and  copnlator;  legs;  abdomen 
often  bilobed  behind:  31  genera  and  400  species,  whieh  live  npon  birds, 
feeding  on  the  feathers,  epidermal  scales,  etc.,  and  usually  not  parasites; 
24  American  epecies. 

1.  AjfALd'is  NitzBch  {Dermaleichus  Koch).  Body  elongate,  with  the 
hinder  end  rounded  or  pointed,  and 

□ever  deeply  bilobed;  spines  on  the 
first  pair  of  Ic^;  third  pair  of  l^ia 
of  male  larger  than  the  others  and 
endii^  with  claws  and  not  suckers; 
,basal  joint  of  first  and  second  leg  with 
a  backward  projection:  on  singing 
birds;  23  species,  American, 

A.  pauerinns  (L.)  (Fig.  694). 
Length  .45  mm. ;  third  pair  of  legs  of 
male  enormously  enlarged  and  used  as 
claspen:  a  European  mito,  found  on 

,  .    ,  1.-1  PlR.  694 — Analgt*  pautritmi  IB*aU). 

several  species  of  Amenoan  birds.  a, male;  B, femtle. 

2.  IbsKuru,  Berlese.    Third  pair 

of  1^^  much  larger  than  the  fourth,  with  long  spines  on  the  terminal 
joint;  end  of  abdomen  deeply  bilobed  in  male:  42  species,  6  American. 
IL  colttinbae  Buebholz.  Length  .33  mm.;  each  abdominal  lobe  in 
male  with  2  long  and  several  small  bristles;  space  between  the  lobes 
filled  in  by  a  membrane:  on  domestic  pigeons  and  other  birds. 

Fauilt  5.    TTROQLTPHIDAE." 

Uinnte  mites  witb  an  elongated  body  and  a  smooth  integument;  legs 
alike  in  the  two  sexes;  mandibles  usually  chelate;  eyes  and  tracheae 
absent;  pedipalps  close  again^tt  the  mouth  parts;  young  bom  with  3 
pairs  of  legs,  in  most  forms  passing  through  a  stage  called  the  hypopus, 
in  which  it  has  8  legs,  but  no  month  uid  no  distinct  mouth  parts,  but 
with  suckers  on  the  under  surface,  which  enable  it  to  attach  itself  to 
some  insect  or  other  animal  which  will  transport  it  to  some  new  local- 
ity, where  it  completes  its  metamorphosis :  about  47  species,  37  species 
being  American;  they  are  not  parasitic,  but  live  on  dried  or  decaying 
animal  and  plant  substances,  but  are  often  a  pest  to  housekeepers,  gar- 
deners, and  grocers,  especially  as  the  hypopus  is  often  spread  by 
house  flies. 
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1.  Ttrooltvkvb  Latreille.  Body  elliptical,  with  a  suture  between 
the  second  and  third  pairs  of  legs ;  male  with  2  suckers  on  each  side  of 

the  genital  pore;  mandibles  chelate;  a  sucker  at  the 
top  of  each  foot :  about  8  species. 

T.  Biro  (L.).  Cheese  mite.  Length  .6  mm.; 
width  .3  mm.;  color  whitish:  in  old  cheese  and  sim- 
ilar substances. 

T.  farinae   (DeGeer)    (Fig.  695).     Length  of 
male  .5  mm. ;  of  female  .3  nun. ;  color  whitish :  in  flour, 
grain,  and  stored  foods;  cosmopolitan;  often  a  pest. 
T.  lintezni  Osbom.    Similar  to  the  above,  but 
p.    695  smaller  and  with  very  long  bristles  extending  baek- 

Tyroirl^Mi^ /oHnae      wards  from  the  body:  in  mushrooms. 

2.  Rhizooltpkits  Claparede.  Suture  between 
the  second  and  third  pair  of  legs;  mandibles  chelate;  male  with  ventral 
suckers;  feet  short,  with  stout  claws  and  spines:  2  species. 

B.  hyadnthi  (Boisduval).  Bulb  mite.  Length  .75  mm.:  burrows 
into  the  bulbs  of  cultivated  plants,  giving  entrance  to  fungi  and  bac- 
teria; often  a  pest  in  hot  and  green  houses. 

Family  6.    OBIBATIDAE.^ 

Homy  or  beetle  mites.  Body  minute  and  divided  into  2  parts  by  a 
transverse  suture;  integument  hard,  with  few  hairs;  a  bristle,  which  is 
often  long,  prominent,  and  club-shaped,  and  is  called  the  pseudostig- 
matic  organ,  arises  from  a  depression  near  the  hinder  margin  of  the 
cephalothorax  on  each  side  (Fig.  696, 1) ;  mouth  parts  and  pedipalps 
small  and  hidden  beneath  the  head;  mandibles  chelate;  claws  1  or  3; 
the  young  are  often  very  bizarre  in  shape:  about  20  genera  with  over 
300  species,  which  feed  principally  on  vegetable  or  decaying  animal  mat- 
ter and  are  not  parasitic,  but  live  in  moss,  grass,  among  decaying  leaves, 
in  crevices  of  bark,  etc. 

Key  to  the  genera  of  Orihatidae  here  described: 

Oi  AbdomcD  with  a  pair  of  wins-like  expansions 1.  Galumka 

Oa  No  such  expnnsioDB. 
hx  Cephalothorax  with  a  pair  of  dorso-lateral  rid^os. 

Oi  Body  smooth   2.  IjIAGasus 

c^  Body  rough ;  cephalothorax  and  abdomen  not  distinctly  separated. 

3.   SCUTOVERIEX 

^  No  such  ridges ;  3  claws  on  each  leg. 

dx  Body  flat,  often  rectanin^ilar 4.  Nothkus 

d.  Abdomen  very  high  with  concentric  rings 5.  Nboliodes 

•  See  "On  the  Oribatoldea  of  tbe  United  States/*  by  N.  Banks,  Trans.  Am.  Knt 
Boc.,  Vol.  22,  p.  1,  1S95.  "Oribatidae,"  by  A.  D.  Michael,  Das  Tierreich,  1898.  ''New 
Orlbatldae  from  tbe  United  States,"  by  N.  Banks,  Proc.  Acad.  Nat.  Sol.,  Pblla.,  1900. 
p.  490. 
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Fig.    696  —  Liaearu9    nitidu9 
(Banks) ;  pseudostiginatlc  organ. 


1.  Oalvwka  Heyden  {Orihata  Michael).  Body  shining  blaok  or 
brown  in  color,  with  a  pair  of  horizontal  wing-)ike  expansions  at  the  side 
of  the  abdomen  and  with  3  daws  on  each  foot:  21  American  species;  in 
moss  or  on  trees. 

O.  pratensia  Banks.  Length  .7  mm.;  yellowish-brown  in  color:  often 
common  in  meadows. 

O.  emarginata  Banks.  Body  dark 
reddish-brown  in  color  and  .9  mm.  long; 
wing  emarginate  below:  often  common 
in  moss,  or  on  the  ground. 

2.  liZAOAmuB  Michael.  Body  smooth, 
last  3  pairs  of  legs  inserted  under  the 
body,  each  ending  with  3  claws :  9  Amer- 
ican species. 

L.  nitidna  Banks  (Fig.  696).  Body  1  mm.  long,  subspherieal,  shining 
dark  reddish-brown  or  black:  under  fallen  leaves,  stones,  etc.;  common. 

3.  SoirroVEBTEZ  Michael.  Divisions  between  cephalothoraz  and 
abdomen  not  very  distinct;  body  tough  and  sculptured:  2  American 
species. 

8.  marinua  Banks.  Paired  bristles  on  cephalothorax  wanting:  on 
the  rocks  between  tide  marks  on  the  Atlantic  seashore. 

4.  KoTHSim  Koch.  Body  rough  and  more  or 
less  rectangular;  back  flat  or  concave;  legs  short, 
thick,  and  rough,  ending  with  3  claws:  20  species, 
which  live  in  moss,  on  bark  of  trees,  or  on  rocks,  7 
American. 

K.  ezdBiui  Banks.  Length  .7  mm.;  most  of  the 
hairs  serrated:  on  the  bark  of  spruce  trees;  New 
York  state. 

K.   mgnloBiu  Banks.     Body  dark  brown  and 
very  rough,  appearing  like  a  piece  of  dirt:  common 
under  loose  bark. 
5.  Kboliodsb  Berlese.    Abdomen  convex  and  very  high,  with  con- 
centric rings;  feet  with  3  claws:  3  species. 

N.  concentrica  (Say)  (Fig.  697).  Body  black,  1.5  mm.  long;  color 
brown:  on  bark  of  trees;  Europe. 


Fig.  697 — NeoUode* 

concentrica 

(Banks). 


Family  7.    OAMASIDAE. 

Scavenger  mites.  Body  broad,  with  short  l^s;  eyes  absent;  man- 
dibles usually  chelate,  and  beneath  them  is  a  bifid  hypostome;  pedipalps 
5- jointed  and  prominent;  legs  6- jointed  and  ending  with  2  claws  or  with 
a  sucker;  tracheae  present,  a  pair  of  spiracles  being  located  above  the 
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fourth  legBy  each  being  surrounded  by  a  chitinous  ring  called  the  stig- 
mal  plate  or  peritreme,  which  usually  extends  forwards  a  long  distance; 
the  young  mostly  bom  with  3  pairs  of  legs :  numerous  species  and  about 
18  American  genera,  some  of  the  sf>ecies  being  parasitic  on  insects,  espe- 
cially beetles,  and  on  vertebrates,  while  many  species  use  insects  for 
transportation;  some  lead  a  free  life  in  moss  and  on  the  ground. 
Key  to  the  genera  of  Gamasidae  here  described: 

0}  Free-living  or  attached  to  insects  and  rarely  to  vertebrates. 
&t  First  pair  of  legs  inserted  on  one  side  of  the  mouth  opening. 

Ci  Leg  with  one  claw :  female  genital  plate  triangular 1.  GAiCAaus 

Ct  Jjtg  1  without  claws ;  leg  2  thickened 2.  Macbochelbs 

6,  First  pair  of  legs  inserted  in  the  same  opening  as  the  mouth  parts. 

4.  Ubofoda 
Oa  Parasitic  on  birds 3.  Debmantssus 

1.  Qamasub  Latreille.  Body  usually  flattened,  with  or  without  a 
transverse  dorsal  suture;  female  genital  plate  triangular;  male  genital 
pore  on  anterior  margin  of  sternal  plate:  about  10  American  species, 
which  live  on  the  ground,  among  fallen  leaves,  etc.,  or  on  insects. 

G.  ooleoptomm  (L.).  Length  .6  mm.;  transverse  dorsal  suture  pres- 
ent; 4  large  spines  projecting  from  the  hinder  end;  anterior  end  trian- 
gular; first  pair  of  legs  with  sucking  discs:  on  beetles. 

2.  Haoboohslbs  Latreille.  Body  elongate,  with 
no  transverse  dorsal  suture;  second  leg  enlarged,  in 
male  curved  and  armed  with  teeth;  mandibles  very 
thick;  male  genital  pore  on  anterior  margin  of 
sternal  plate;  first  pair  of  legs  without  claws: 
several  species. 

M.  mflBStna  Banks.  Body  reddish-brown  and  1 
mm.  long,  with  8  rows  of  clavate  hairs  above  and  a 
few  on  the  hinder  margin:  common  in  ants'  nests. 

3.  DBBMAUYBSim  Dug^.  Bird  mites.  Body 
elongate  and  not  distinctly  constricted;  hind  legs 

^^' aSS^Sunae^^*  ^^^  reaching  the  hinder  end;  mandibles  chelate  in 
(Banks).  male,  long  and  piercing  in  female:  parasitic  on  birds, 

especially  domesticated  ones;  1  American  species. 

D.  gallinae  (DeGeer).  Chicken  mite  (Fig.  698).  Body  .7  mm. 
long,  .4  mm.  wide,  pear-shaped  and  flat  and  reddish  in  color:  the  mites  hide 
during  the  day  in  the  coop  and  at  night  attack  the  fowls  and  suck  their 
blood,  and  are  often  a  serious  pest;  they  frequently  attack  dogs,  cats, 
and  horses,  as  well  as  man. 

4.  Ubomba  Latreille.  Body  ovoid,  with  depressions  on  the  under 
side  for  the  reception  of  the  legs;  mandibles  very  long  and  slender,  and 
chelate :  on  beetles,  ants,  and  other  insects ;  some  are  parasitic,  but  most 
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of  the  qtecies  lue  the  insects  only  for  tranBport&tion,  heing  young  ani- 
mals  in  the  nymphal  st^e  which  attach  themaelves  by  a  pedicel  of 
ezerement:  as  adults  they  live  on  the  ground  among  fallen  leaves,  and 
in  similar  places;  several  species. 

6.  V.  v«git«u  (DeOeer)  (Fig.  699).  Body 
arched,  smooth,  browniah  in  color,  abont  1  mm. 
long:  common. 

FUOLT  8.    ABGASIDAE. 

Ticks.    No  scutum,  as  in  the  Ixodidae;  stigmal 
plate  between  legs  3  and  4:  16  American  species,         ^JS^siX)? 
vhich  are  nocturnal  parasites  of  domestic  birds. 

AasAfl  Latreille.  With  the  characters  of  the  family:  abont  10 
species. 

A.  porsicas  Fischer  (A.  mintatua  Koch).  The  Uiana  bug.  Body 
ova)  in  shape,  5  mm.  long  in  the  male  and  10  mm.  in  the  female  and 
brown  in  color :  often  a  dangerous  parasite  of  chickens  from  Florida  to 
California;  cosmopolitan;  in  western  Asia  it  bites  persons  and  is  much 
feared. 

Fauilt  9.    IXODIDAE.* 

Ticks.  Body  often  large,  and  covered  with  a  leathery  integument 
capable  of  great  distention  in  the  female,  with  prominent,  slender  legs 
and  beak-like  mouth  parts;  anterior  dorsal  surface  covered  with  a  homy 
shield,  the  scutum  (Fig.  700,  B],  which  in  the  male  extends  over  the 
entire  back;  articulating  with  the  anterior  margin  of  this  is  the  head  or 
eapitulum,  on  which  in  the  female  are  2  pitted  spots;  head  bears  the 
short,  thick,  3  or  4-jointed  pedipalps  at  the  sides  and  in  the  middle, 
the  elongated  beak  or  rostrum,  which  is  made  up  of  the  2  mandibular 
sheaths  above,  and  the  toothed  bypostome  or  under  lip  beneath,  with 
the  2  mandibles  between,  the  latter  organs  being  toothed  at  the  tip; 
eyes  present  or  not;  tracheae  present,  the  spiracles  being  just  behind 
the  last  pair  of  legs,  each  surrounded  by  a  stigmal  plate  or  peritreme 
(Fig.  700,  C);  legs  6-jointed,  ending  with  2  claws  and  a  pad,  the  foot 
of  first  pair  also  bearing  a  sense  oi^n  called  Haller's  organ:  paraaitio 
on  mammals,  birds,  and  reptiles;  the  female,  when  gorged  with  blood, 
falls  to  the  ground  to  lay  her  ^gs;  the  young  ticks,  which  have  but 
6  legs  at  first,  nsnally  ascend  some  plant  and  are  brushed  off  by  a 
passing  vertebrate  which  can  set  as  a  host;  250  species,  about  35 
American. 

•  See  "Tlie  Cattle  Ticks  of  tbe  Cnlted  StatM,"  by  D.  C.  Silmoo  and  C.  W.  Saie«, 
Rep.  Bureau  ot  .^a.  Ind.,  U.  8.  Dept.  of  As-.  1002,  p.  360.  "Iiodldae,"  br  L.  O. 
NenmaD,  I>ai  Tiettelcb,  toil. 
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Key  to  the  genera  of  Ixodidae  here  described : 

Oi  Pedipalps  much  longer  than  broad. 

bi  Eyes  absent 1.  Ixodes 

&,  Eyes  present  2.  Ambltomma 

Oa  Pedipalps  very  short  and  thick. 

&i  Stigmal  plate  round 3.  Mabqabopus 

5,  Stigmal  plate  comma-shaped 4.  Debmacehtob 

1.  Ixodes  Latreille.  Eyes  absent;  pedipalps  and  beak  long  and  of 
the  same  length;  anal  groove  surrounds  anus  anteriorly  and  is  open  pos- 
teriorly :  over  50  species,  about  14  in  America. 

1.  ricinus  (L.).  The  castor  bean  tick.  Body  oval,  in  male  3.5  mm. 
long  and  2  mm.  broad  and  high ;  in  female  4  mm.  to  11  mm.  long,  accord- 
ing to  the  amount  of  blood  it  has  sucked,  and  brown  or  yellow  in  color; 

at  the  base  of  the 
first  pair  of  legs  in 

«     f         xtBJRiiLtew        ^^^    female    is    a 

strong  median 
spine:  cosmopoli- 

4<.-i'.>7  C  ^^^SSfl      ^°'  often  common 

3  V*/  ^^      on    domestic    ani- 

A  X^  ^*'  ^  mals,  rabbits,  etc, 

Fig.  7W>—Amhlyommaameric<inum  (Hooker).    A.  dorsal        ^^  on  man. 
aspect  of  female;    B,  the  scutum;    C,  stigmal  plate.    1,  »    .^....i.-a- 

first  leg ;  2,  pedipalps ;  3,  rostrnm.  a.  SCap VlariS 

Say.    Body  3  to  6 

mm.  long  and  2  mm.  broad,  with  a  dark  brown  shield:  common  in  the 

southern  states  on  all  kinds  of  wild  animals,  dogs,  and  cattle. 

2.  Ambltoioia  Koch.  Eyes  present;  anal  groove  surrounds  anus 
posteriorly  and  is  open  anteriorly;  pedipalps  and  beak  long:  86  spedes, 
4  American. 

A.  americanum  (L.).  Lone  star  tick  (Fig.  700).  Body  4  mm.  long, 
3  mm.  wide;  the  gravid  female  may  measure  12  mm.  in  length  and  8 
mm.  breadth;  color  of  male  brown,  of  female  bluish,  with  a  brown 
scutum,  the  hinder  end  of  which  has  a  conspicuous  yellowish  spot, 
which  gives  the  animal  its  popular  name:  often  common  on  cattle,  also 
on  man. 

3.  MABaASOPVS  Karsch  (BoopMlua  Curtice).  Eyes  present,  often 
indistinct;  pedipalps  short  and  broad,  with  the  second  and  third  joints 
extended  laterally  into  sharp  points;  spiracles  round:  2  spedes,  1 
American. 

M.  annulatns'i'  (Say)  (M.  hovis  Riley).  Texas  cattle  tick  (Fig.  701). 
Body  oval  and  2.30  nun.  long,  and  brown  in  color  in  male,  and  elliptical 

•  See  "Texas  Fever,"  etc.,  br  J.  R.  Mohler.  Bull.  78,  Bur.  Animal  Industry, 
Dept.  Ag.  1905. 
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or  more  or  less  rectangular  and  np  to  13  mm.  long  and  yellowish  or 
alate-color  in  the  female:  southern  states,  on  cattle,  often  very  common, 
causing  the  destructive  Texas  fever,  the  disease  being  caused  by  the 
inoculation  of  the  cattle  by  the  tick  of  Babesia  higenUna,  a  sporozoan 
blood  parasite  (see  page  47). 

4.  Dbbxaoshtob  Koch.  Eyes  present;  pedipalps  short  and  broad; 
stigmal  plate  comma^shaped ;  scutum  partially  white  or  yellow:  20 
species,  about  4  American. 

D.  variabilis  (Say)  {D.  electus  Koch).  Dog  tick  (Fig.  702).  Body 
oval  or  rectangular;  scutum  reddish-brown  with  white  spots;  stigmal 


Fig.  701 


Fig.  702 


ing.  701 — Margaropus  annulaiuB  (Banks).    A,  female;  B»  male.     Fig.  702 — Derma^ 

center  voiiaoilfo — male  (Banks). 


plate  finely  punctate;  color  brown,  variegated;  length  iii  replete  female 
15  mm.;  breadth  9  mm.:  on  domestic  animals  and  man,  often  abundant 
in  the  eastern  and  central  states,  being  the  tick  that  often  attaches  to 
persons  in  the  woods. 

D.  yeniutas*  Banks.  The  Rocky  Mountain  spotted-fever  tick.  Body 
an  elongated  oval  and  2  to  6  mm.  long  in  the  male  and  about  15  mm. 
long  in  the  female  and  reddish-brown  in  color:  the  northwestern  states; 
the  larvae  live  on  small  mammals  and  the  adults  on  the  larger  domestic 
animals  and  man ;  the  cause  of  a  very  dangerous  fever  which  is  the  result 
of  the  inoculation  by  the  tick  of  a  sporozoan  blood  parasite,  Babesia 
homims  (see  page  47). 

Family  10.    HYDBACUN  IDAE.f 

Fresh-water  mites.  Body  usually  ovoid  or  spherical  and  sometimes 
of  large  size,  and  often  brightly  colored;  1  or  2  pairs  of  eyes  present; 

*  See  "A  Zoological  Inyestlgatlon  Into  the  Cause,  Transmission,  and  Source  of 
Rocky  Mountain  Spotted  Fever,"  by  C.  W.  Stiles,  Bull.  No.  20,  Hyg.  Lab.,  Treasury 
Department,  Washington,  1905. 

t  See  "Nordamerikanlsche  Hydrachniden,"  by  F.  Koenike,  Abh.  d.  natnr.  Ver.  zu 
Bremen,  Vol.  13,  p.  167,  1895.  "Deutschlands  Hydrachniden,"  by  R.  Piersig,  Blbl. 
Zool.  No.  22,  1897  to  1900.     "Hydrachnidae  und  Halacaridae,"  by  R.  Piersig  und 
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mandibles  with  a  temiinal  claw;  pedipalps  5-jointed  and  nsnally  long, 
the  terminal  claw  being  sometimes  bent  down  to  form  a  grasping  organ; 
legs  usually  5-jointed,  with  or  without  swimming  hairsi  and  joined  to 
body  by  prominent  coxal  plates  (Fig.  705, 1) ;  a  pair  of  spiracles  on  the 
dorsal  side  of  the  rostrum;  genital  pore  surrounded  by  a  plate  and 
usually  near  the  center  of  the  body;  numerous  minute  suckers  often  on 
each  side  of  the  genital  pore;  eggs  laid  on  plants,  stones,  etc;  yoong 
bom  with  6  legs  and  usually  go  through  a  complex  metamorphosis,  often 
attaching  themselves  to  aquatic  insects :  about  70  genera  and  500  species, 
most  of  which  live  in  fresh  water,  a  few  being  found  in  brackish  water 
or  in  the  sea,  and  the  genus  Unionicola  being  parasitic  in  mollusks;  about 
100  American  speeies;  5  subfamilies. 

Key  to  the  subfamilies  of  Hydrachnidae : 

Hi  Large  red  mites  with  4  eyes  close  together  on  a  plate. 

ht  Eye  plate  long  and  narrow 1.  LiMNoCHAmRAK 

fta  E3ye  plate  short,  broad  and  paired 2.  Etlainab 

a.  Eyes  not  close  together  on  a  plate,  but  far  apart. 
5i  Pedipalps  chelate. 

Ci  Mandibles  1-jointed,  straight  and  needle-like 3.  Hydrachninab 

0^  Mandibles  2- jointed,  the  terminal  joint  a  curved  hook. 4.  Htdbyphantinae 
fts  Pedipalps  not  chelate 5.  Htgbobatinas 

SuBPAMiLY  1.    LIMNOCHAEINAE. 

Body  very  soft,  variable  in  form,  red  in  color;  eyes  4,  near  together 
on  a  long  lanceolate  plate :  2  genera. 

IiZKHOOHARES  Latreille.  Body  rectangular;  legs  without  swimming 
hairs,  but  with  spines,  and  in  2  widely  separated  groups  of  2  each :  the 
animals  do  not  swim  but  walk  slowly  over  the  mud  and  plants  in  the 
water;  2  species. 

L.  aqnatica  (L.)  (Fig.  703).  Body  red,  4  mm.  long:  on  the  bottom 
of  ponds;  cosmopolitan  and  common;  larvae  attached  to  water  skaters 
{Eydrometridae ) . 

Subfamily  2.    ETLAINAE. 

Body  soft,  regular  in  outline,  red  in  color;  eyes  4,  near  together  on  a 
paired  plate:  2  genera. 

Etlais  Latreille.  Body  oval,  legs  long,  with  swimming  hairs, 
rather  close  together;  genital  pore  between  the  first  2  pairs:  35  species, 
the  larvae  of  which  have  been  found  on  mosquitoes;  3  American  speeies, 
which  are  rapid  swimmers. 


H.  Lohmann,  Das  Tlerreich,  1901.    *'A  Review  of  the  Genera  of  the  Water  Mites.**  by 
I  R.  TT.  Wolcott,  Trans.  Am.  Mic.  Soc.,  Vol.  26,  p.  161,  1905.    "Die  Sasswasserfaona 

I  DentBchlands,  Heft  12,  Araneae  und  Acarina,"  by  F.  Koenike,  1909. 
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E.  eactendeiiM  (O.  F.  Miiller)  (Fig.  704).  Body  red,  4  mm.  long:  in 
ponds;  cosmopolitan  and  common. 

Subfamily  3.    HYDBAGHNINAE. 

Body  soft,  sometimes  with  ehitinons  plates;  4  eyes,  2  on  each  side 
and  sometimes  another  in  the  middle;  rostrum  usually  elongate,  forming 
a  snout,  at  the  end  of  which  is  the  mouth;  mandibles  1-jointed,  long  and 
needle-like;  pedipalps  chelate:  2  genera. 

Htdsaohna  O.  F.  Miiller.  Body  oval  or  round;  legs  rather  short, 
the  last  3  pairs  with  swimming  hairs;  genital  pore  between  the  last  2 


Fig.  703  ng.  704  FJg.  705 

Fig.  703 — Limnocharet  aquatioa  (Banks).  A,  ventral  aspect;  B,  dorsal  eye  plate. 
Fig.  704 — ^Biflais  extendens  (Wolcott).  A,  ventral  aspect;  B,  dorsal  eye  plate.  Fig. 
705 — Hy6raehna  geograpMoa  (Wolcott).   1,  coxal  plates;  2,  genital  plate. 

pairs  of  legs;  the  larvae  attach  themselves  to  aquatic  insects:  about  33 
epecies,  8  American. 

H.  geographica  (Miill.)  (Fig.  705).  Body  oval,  arched,  dark  red  in 
color  with  dark  spots  on  the  back;  length  7  mm.:  often  common; 
cosmopolitan. 

Subfamily  4.    HYBBYPHANTINAE. 

Body  soft,  sometimes  with  chitinous  plates,  and  red  or  brownish  in 
color;  1  or  2  eyes  on  each  side  and  sometimes  a  median  eye;  coxal  plates 
in  4  groups :  the  larva  leaves  the  water  and  is  parasitic  on  aerial  insects, 
returning  to  the  water  to  complete  its  transformation;  13  genera. 

Key  to  the  genera  of  Hydryphantinae  here  described : 

Ox  One  eye  on  each  side  contained  In  a  chitiiioas  capsule,  and  a  median  eye. 

5i  Swimming  hairs  on  legs 1.  Htdbythantes 

\  No  swimming  hairs 2.  Thtas 

Os  Two  eyes  on  each  side  and  do  median  eye 3.  Diplodontus 

1.  Eydetfkavtbs  Koch.  Swimming  hairs  on  the  last  3  pairs  of 
legs;  median  eye  surrounded  by  a  chitinous  plate,  but  no  other  chitinous 
plates  on  the  dorsal  surface:  17  species. 

H.  ruler  (DeGeer)  (Fig.  706).  Body  2  mm.  long,  red  in  color,  often 
tending  to  be  daik:  in  wood  ponds,  especially  in  the  springtime. 
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2.  Thtab  Koch.  Like  the  above  but  with  no  swimming  hairs  on.  the 
legs;  body  flattened:  7  species,  2  American,  the  Urvae  of  which  leave 
the  water  and  attach  themselves  to  aerial  insects. 

T.  stoUi  Koenike.    Body  12  mm.  long,  oval  and  red  in  color;  le^ 

with  numerous  bristles. 

8.  DznoDOHTUB  D  u  g  ^  a. 
Body  oval  or  round;  eyes  2  on 
a  side;  no  median  eye;  legs  with 
swimming  hairs;  genital  plate 
heart-shaped:  3  species. 

D.  despidens  (O.  F.  Miiller) 
(Fig.  707).  Body  2  mm.  long, 
red  in  color  with  an  indistinct 

Pig.  706  ng.707  J     1  J         1  *  J       1 

darker    dorsal    spot,    and   also 

^  PUf.  lOe^Bydryphaniea  ruber  (Wolcott).  ,      ...  .„         , 

1,  coxai  plates;  2,  genital  plate.    Fig.  707 —     covered  With  papillae;  larva  on 

IHplodontu8  deajficient   (wolcott).    A,  Ten-  •  i    •         i. 

trai  aapect  of  male;  B,  pedipaip  of  femaieb      aenal  insects:  common. 

SuBTAiOLT  5.    HYGBOBATINAE. 

Body  compact,  surface  smooth  or  with  fine  parallel  lines,  sometimes 
with  chitinous  plates;  eyes  of  the  2  sides  distant  from  each  other,  either 
1  or  2  eyes  being  on  a  side  and  never  in  a  capsule;  no  median  eye; 
pedipaip  not  chelate,  or  rarely  so;  cozal  plates  large,  sometimes  cover- 
ing the  whole  ventral  surface;  the  larva  (except  in  Unionicola)  attached 
to  water  insects :  53  genera,  2  genera  with  about  4  species  being  found  in 
the  sea  off  the  coast  of  France. 

Key  to  the  genera  of  Hygrohatinae  here  described: 

Oi  PedipalpB  not  chelate. 
5^  Gozal  plates  not  fnsed  together. 

Ci  Gozal  plates  in  3  groups •!.  Htgbobatbs 

c^  Goxal  plates  in  4  groups. 
di  Fourth  leg  ending  with  a  claw  and  not  a  bristle. 

ei  Free-swimming;  fourth  joint  of  pedipaip  with  2  papillae 2.  PlDKA 

e^  Parasitic  in  mussels 3.  Unionicola 

dt  Fourth  leg  ending  with  a  long  bristle 4.  Limnbsia 

(^  Cozal  plates  fused  into  a  single  plate 5.  KOEiriKKik 

Os  Pedipalps  chelate ;  body  of  male  with  a  posterior  appendix. .  .6.  Arrhbnubub 

1.  Htobobates  Koch.  Body  ovoid;  cozal  plates  of  female  in  3 
groups;  no  swimming  hairs  present;  genital  pore  midway  between  the 
hinder  coxal  plates  and  the  hinder  end  of  the  body  with  3  or  more  suekers 
on  each  side :  11  species,  4  American. 

H.  longipalpis  (Hermann)  (Fig.  708).  Body  2.5  mm.  long  and  yel- 
low in  color,  very  convex  dorsally;  pedipalps  almost  half  as  long  as  the 
body:  cosmopolitan. 
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Fig.  708 — Hymro- 

hates  I4>n0ipalpi9 

(Wolcott). 


2.  PIOVA*  Koch  (Curvipes  Koenike).  Fourth  joint  of  pedipalp  usu- 
ally with  2  papillae;  legs  all  with  swimming  hairs;  genital  pore  dose 
behind  the  hind  coxal  plates:  19  American  species,  among  the  largest 
and  most  active  hydrachnids. 

P.  spinulosa  (Wolcott)  (Fig.  709).  Body  broadly 
elliptical  and  about  .5  mm.  long,  being  one  of  the 
smallest  of  the  genus  and  nearly  transparent,  with 
patches  of  dark  brown  and  a  spot  between  the  large 
eyes;  coxal  plates  close  together  and  covering  most  of 
the  ventral  surface;  legs  long  and  with  few  spines;  20 
to  30  suckers  on  each  side  of  genital  pore:  widely 
distributed  and  common  in  central  states. 

3.  UvioinoOLAt  Haldeman  (Xtao;  Fabricius).  Body 

ovoid  or  round ;  genital  opening  at  the  hinder  end  of  body,  the  plate  on 
each  side  of  the  opening  bearing  many  minute  suckers;  pedipalps  long, 
in  the  parasitic  forms  thick ;  first  pair  of  legs  usually  thick,  in  the  non- 
parasitic species  with  long,  movable  spines;  third  and  fourth  pair  of  legs 

with  swimming  hairs:  16  American  species,  most  of 
which  are  parasitic  either  in  youth  or  permanently, 
on  the  gills  of  Unionidae  and  occasionally  other 
mollusks. 

U.  ypsilophora  (Bonz).  Body  ovoid,  about  1.3 
mm.  long,  yellowish-white  in  color  with  large  brown 
or  black  spots,  and  a  yellow  T-shaped  mark  on  the 
back;  about  20  minute  suckers  on  each  side  of  gen- 
ital pore;  first  pair  of  legs  not  thicker  than  the 
others:  widely  distributed  and  common  in  the 
eastern  and  central  states,  occurring,  with  rare  exceptions,  in  species  of 
Anodonta;  Europe. 

U.  fossnlata  (Koenike).  Body  ovoid,  about  1.4  mm.  long;  5  suckers 
on  each  side  of  genital  pore;  first  pair  of  legs  not  so  thick  as  the  pedi- 
palps :  central  states,  common,  occurring,  with  rare  exceptions,  in  species 
of  Unio. 

4.  LziorzsiAt  Koch.  Body  ovoid;  fourth  pair  of  legs  without  the 
terminal  claws,  but  with  a  bristle  at  the  tip;  pedipalps  long  with  the 
second  joints  thickened;  3  or  4  suckers  on  each  side  of  the  genital  pore; 
4  eyes:  6  American  species. 


Pig.  709 

Fiona  afHnuloaa 

(Wolcott). 


*  See  "The  North  American  Species  of  Cnrrlpefl,"  by  R.  H.  Wolcott,  Trans.  Am. 
Mic.  Soc,  Vol.  23,  p.  201,  1902. 

t  See  "On  the  North  American  Species  of  the  Genus  Atax  Fabr./*  by  R.  H.  Wol- 
cott, Trans.  Am.  Mic.  Soc,  Vol.  20,  p.  103,  1899. 

t  See  "On  the  North  American  Species  of  Limnesia,"  by  R.  Q.  Wolcott,  Trans. 
Am.  Mic  8oc,  Vol.  24,  p.  85,  1903. 
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L.  hMrloslcft  (Hermann)  (Fig.  710).  Length  of  female  2  mm.; 
breadth  1.7  mm. ;  male  hall  aa  large;  color  variable  bnt  oanally  yellowish 
with  dark  patches  and  red  spots  on  the  back;  legs  bright  green;  eyes 
red;  body  marked  with  faint  wavy  linee;  pedipalpi  very  long  and  thick: 
very  common  over  the  whole  eountry;  Enrope. 

6.  KoxnxSA*  Wolcott.  Body  ronnd,  flat  or  concave  on  dorsal  sur- 
face, with  a  long  curved  rostrom  in  the  female;  coxal  plates  of  male 
fused  into  a  single  plate,  and  io  the  female  into  2  plates;  Ic^  with 


swimming  hairs;  numerous  minute  suckers  on  eaeb  side  of  the  genital 
pore;  1  species. 

K.  concava  Wolcott.  Body  .67  mm.  long;  eyes  2,  widely  sepa- 
rated: common  and  widely  distributed  over  the  eastern  and  central 
states. 

6.'ABXHSinrBitBf  Dugds.  Integument  very  hard  and  porous;  back 
with  a  circular  furrow  enclosing  the  dorsal  shield;  female  oval  in  shape; 
male  with  the  hinder  end  very  mueh  prolonged,  forming  an  appendix: 
eyes  widely  separated ;  coxal  plates  of  the  first  2  pairs  of  legs  contiguous 
also  those  of  the  last  2  pairs;  pedipalps  chelate:  150  species,  50 
American, 

A.  marshalli  Piersig.  Body  of  male  1  mm.  long  with  the  appendix 
very  long,  cylindrical  and  constricted  at  the  base;  female  .8  mm.  long 
and  oval;  color  blue-green,  occasionally  orange:  cosmopolitan  and  com- 
mon, usually  the  most  abundant  of  the  genus. 

A.  amortcaniu  Rnth  Marshall  (Fig.  711).  Hale  .92  nun.  long; 
appendix  widest  at  binder  end;  color  greenish,  tinged  with  red;  female 
1  J.2  mm.  long  and  ovate  in  form :  abnndaot  in  the  Middle  West. 

■  See  "New  Oeaara  anS  Spedee  of  North  AmericSD  Brdrscboldae,"  by  B.  B. 
Wolcott,  Tnn*.  Am.  Hlc  Soc,  Vol.  31,  p.  ISO,  IMO, 

r  See  "Tbe  Arrbennrl  of  tbe  United  StatM,"  hj  Both  Ifartbtll,  Tnuu.  Am.  IQc; 
Soc..  Tot.  22,  p.  86,  IMS. 


Family  11.    HALACABIDAK* 

Salt-water  mites.  Body  rather  elongate,  usually  with  a  suture 
between  the  2  pairs  of  legs;  rostrum  often  large;  3  eyes  usually  present; 
no  tracheae;  no  swimming  hairs  on  legs:  about  10  genera  and  TO  species 
known;  the  animals  are  found  crawling  slowly  over  algae  in  the  sea, 
being  v^etal  feeders;  the  yonng  feed  on  the  eggs  of  copepods  and  are 
attached  to  various  animals;  1  fresh- water  species. 

E&LACUUllTS  Gosse  iThalaatarachna  Packard).  Pedipalps  4-jointed, 
long,  free,  and  distant  from  each  other;  body  convex  and  rather  elon- 
gate; first  leg  but  little  thicker  than  the  second:  about  41  species,  1  in 
fresh  water. 

H.  TurilU  (Packard).    Body  ovoid  with  a  transverse  sutnre,  just 
back  of  which  is  a  pair  of  black  eyes;  color  dark,  rostrum  conical;  man- 
dibles slender  and  almost  as  long  as  the  pedipalps;  length 
L75  mm.:  on  hydroids  oB  the  coast  of  Maine. 

Familt  12.    BDELLIDAE. 

Snout  mites  (Fig.  712).  Body  elongate,  with  a  trans- 
verse suture  between  the  second  and  third  pairs  of  l^;s; 
mandibles  very  long  and  lai^;  pedipalps  long  and  slen- 
der; spiracles  at  the  base  of  the  rostrum:  about  13  Amer- 
ican species,  which  are  active  predacious  animals  living 
in  moss,  rotten  wood,  and  similar  places,  and  can  move 
backwards  as  well  as  forwards. 

BSZLLA   Latreille.      Palps    used    like    antennae    and  ptg,  713 

elbowed,  the  last  joint  bearing  2  or  more  long  bristles;     ^  (Ba!i[ka)!'^ 
mandibles  chelate:  about  10  American  e^eies. 

B.  marina  Packard.  Body  red  in  color  and  2  mm.  long;  last  joint  of 
pedipalp  not  widened  at  tip,  hairs  at  end  not  as  long  as  the  joint;  many 
bristles  on  body:  along  Atlantic  seaboard. 

B.  cardlnalis Banks.  Body  red  in  color  and  12  mm.  long;  last  joint 
of  pedipalp  widened  at  tip,  and  with  hair  at  end  much  longer  than  joint; 
body  with  about  20  bristles:  in  moss  and  on  the  ground. 

Familt  13.    TBOMBIDIIDAR 

Harvest  mites.  Body  globular  or  elongate,  red  in  color,  and  hairy, 
usually  with  a  transverse  suture  between  the  second  and  third  I^s; 
mandibles  chelate;  eyes  often  stalked  (Fig.  713) ;  legs  end  with  2  claws; 
pedipalps  fi-jointed;  spiracles  at  the  base  of  the  mandibles;  the  larvae 
.  Plfnlg  and  H.   Lohmtnn,  Daa 
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have  3  pairs  of  legs  and  are  parasitic  on  insects,  spiders,  etc.,  Tromhidium 
being  very  common  on  house  flies  in  the  antiunn,  certain  species,  espe- 
cially in  the  southern  states,  attacking  man:  about  4  American  genera 
with  30  species,  none  of  which  are  parasitic  as  adults. 

TBOMBZDiinc  Fabricius.  Mandibles  chelate;  eyes  stalked:  about  12 
American  species,  which  are  found  on  plants  and  on  the  ground,  and 
walk  slowly. 

T.  sericeum  Say.  Body  broadest  in  front,  densely  covered  with  short 
silken  hair;  eyes  2  and  stalked  and  white:  the  commonest  species  in  the 

eastern  states,  living  on  trees  and  on  the  ground. 

T.  locnstamm  Riley 
(Fig.  713).  Body  elon- 
gate, red,  tapering  be- 
hind ;  male  with  a 
sunken  elliptical  area 
above;  4  to  5  nun.  long: 
on   ground,   young   on 

Fig.  71S—TromUdium  locutiarum  ( Banks) .  A.  ventral        grasshoppers, 
aspect  of  male ;  B,  eye-stalks ;  C,  a  larva. 


Family  14.    EHYNCHOLOPHIDAE. 

Like  the  Tromhidiidae,  but  with  piercing  mandibles  and  sessile  eyes; 
a  mid-dorsal  line  or  furrow  on  cephalothorax :  3  American  genera,  the 
individuals  of  which  walk  rapidly. 

RHnroHOLOFHTTB  Dug^.  Mandibles  slender,  needle-like,  and  retrac- 
tile; eyes  4  and  sessile;  legs  long:  15  American  species,  which  feed  on 
small  insects,  such  as  aphids  and  scales,  and  run  rapidly. 

B.  simplex  Banks.  Body  red,  2.2  mm.  long,  with  some  erect  bristles 
on  the  body  and  among  them  many  fine  hairs;  all  legs  long,  hind  pair 
longer  than  the  body:  on  dry  ground. 

B.  macnlatns  Banks  (Fig.  714).  Body  with  red  spine-like  hairs, 
leaving  several  smooth  white  patches;  legs  short,  hind  pair  no  longer 
than  body;  length  1.5  mm.:  on  ground  and  plants. 

Family  15.    TETBANYCHIDAE.* 

Red  spiders.  Body  oval,  with  a  few  bristles  arranged  in  about  4 
rows,  and  with  a  transverse  suture  between  the  second  and  third  pairs  of 
legs,  and  red  in  color;  2  or  4  eyes,  without  stalks;  pedipalps  4-jointed, 
the  penultimate  joint  usually  with  a  strong  claw;  mandibles  with  their 
basal  portions  fused  and  tips  long  and  flexible,  and  fitted  for  piercing 


•  Bee  "The  Red  Bpldeni  of  the  United  States/*  by  N.  Banks,  BnU.  No.  8,  Tecb. 
Ser.,  Dlv.  Bnt.,  U.  8.  Dept.  Akt.,  1$K)0. 
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the  plant  tisatiefl,  on  th«  juices  of  which  the  animal  asnatly  lives:  on 
plants  and  the  ground,  often  a  pest  in  greenhouses;  about  6  American 
genera,  with  20  species. 

1.  TzTBAJiouuH  Dufonr.  Pedipalps  short,  ending  with  a  thumb- 
like  projection;  the  animals  are  able  to  spin  a  web,  by  means  of  which 
they  fasten  the  minute  red  e^s  to  leaves;  first  pair  of  legs  longer  than 
the  body:  about  14  American  species. 


Fis.n4 

Fig.   714— AhrW^IOfiAi- , , 

(Banks).   Fl|.  T16— firyoM 

T.  bimacnlatiia*  Harvey  (T.  cucumeris  Boisduval)  (F^.  715).  But 
1  claw  on  each  foot,  which  splits  into  4  near  the  tip;  color  and  size 
variable;  color  usually  red,  but  sometimes  yellowish  with  black  dots: 
often  common  on  vegetables  and  cultivated  flowers,  both  in  greenhouses 
and  out  of  doors. 

2.  BsTOBU  Koch.  Body  with  scale-like  hairs  above:  1  American 
species. 

B,  pratenofs  Garman  (I^.  716).  The  clover  mite.  Body  red  with 
4  scale-like  hairs  projecting  in  front;  first  pair  of  legs  longer  than  the 
others :  often  numerous  on  clover  and  fruit  trees;  eggs  red,  on  fruit  trees 
in  winter;  they  often  hibernate  in  houses,  and  may  become  a  nnisanee, 

Okdeb  9.    LIKOnATULIDA.t 
Worm-like  arachnids  (Kg.  717,  A),  in  which  the  abdomen  b  very 
much  elongated  and  composed  of  a  lai^  number  of  short  rings,  which 

*  See  "The  Common  Red  Bptder  (Trtranyehiit  btmaouJatui) ."  etc,  bj  IT.  H. 
ChltteDden,  Clr.  29,  DiT.  ol  But.,  U.  8.  Dept  of  Asr.,  1909. 

t  Bee  "Contrtbotfon  to  Helminttiology."  by  J.  Leldj,  Proc.  Acad.  Nat.  Sd.,  Pbila., 
Vol.  G,  p.  96.  "A  B;dopbU  of  Bntoioa,"  etc.,  bT  the  ■■me,  lame,  1866,  p.  43. 
"DeBcrlpttoD  of  Pentaatomnm  prob.."  by  tbe  eame.  aame,  1SS4.  p.  140.  "Ban  a. 
Bntwick.  yon  PentHatomnm,"  etc,  by  C.  W.  Stllea,  Zelt.  f.  mas.  ZooL,  Bd.  BS,  1881. 
"Ad  Attempt  to  Berlse  tbe  Faml^  LlngnatnHdae,"  by  A.  SL  SMpley,  Arcb.  de 
PaiaalL,  ToL  1,  p.  OS,  lS9e. 
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ore  not,  however,  equivalent  to  Bomites.    The  Gephalothoraz  is  veij  Atat 
and  be&n  on  its  ventral  side  2  pain  of  hook-like  retractile  claws.    Excre- 
tory, respiratory,  circulatory,  and  sense  oigans  are  all  absent.    The  diges- 
tive tract  is  a  itraigbt  tube.     The  nervous  system  consists  of  a  sub- 
ffisophageal   ganglion   and   a    circnmraBophageal    ring.      The    sexes    are 
separate,  the  male  genital  pore  being  near  the  mouth,  the  female  near 
the  anus  at  the  hinder  end.    The  lingnatnlids  live  as  parasites  in  the  air 
passages  and  also  in  the  body  cavity  of  certain  mammalB  and  reptiles. 
The  eggs  reach  the  outside  world  together  with  the 
dischai^reB  of  the  host  and  most  be  swallowed  by  a 
mouse,  rabbit,  or  other  small  animal  in  order  to  de- 
velop.   The  larva  (Fig.  717,B),  hatching  in  the  stomach 
of  this  intermediate  host,  is  quite  mite-like  in  appear- 
ance and  has  2  pairs  of  legs  and  boring  mouth  parts. 
It  makes  its  way  into  the  liver,  peritoneum,  or  other 
organ,  where  it  encapsules  itself  and  here  undergoes 
the  greater  part  of  its  metamorphoBis  and  attains  the 
form  of  the  adult,  except  that  it 
hae  a  circle  of  spines  around  each 
ring  and  is  not  sexually  mature. 
It  may  then  leave  its  cyst  and 
migrate  through  the  tissues  of  the 
host,  and  may  reenycst  in  some 
other  locality.     If  the  intermedi- 
ate host  is  then  eaten  by  the  final 
host,  the  parasite  passes  into  its 
final  resting  place  in  the  latter. 
It  may,  for  instance,  pass  directly 

Big.  TIT — Poracephalu*  crotaU,   A,  dii-     from  the  month   into   the  nasal 
grtn  BboivlnsaDitoiiiT  1  B,  ■  larva  (Sales i. 

1, month ;  2,lii>oka :  3, Kesital  pore;  4,  tea-      passaees,  or  it  may  migrate  from 
tU;  6,  Intestine;  6,  sperm  duel;  T.  aaiw.      "-         =>  ^  j       -o 

the  stomach  or  intestme  tbroi^^fa 
the  intestinal  wall  int^i  the  lungs,  or  air  passages,  where  it  beeomes 
mature. 

The  linguatulids  were  formally  claBsed  among  the  worms,  but  tJie 
reeemblance  of  the  body  of  the  adult  to  that  of  eriophyid  mites  and  of 
the  larva  to  the  short-bodied  mites,  as  well  as  their  voluminous  body 
cavity  and  striated  muscle  fibres,  have  caused  them  to  be  placed  among 
the  Arachnida.  Both  the  adult  and  larva  are  occosionslfy  found  in  man. 
The  order  contains  3  genera  and  about  26  species. 

Key  to  the  genera  of  Lrngtu^uUda  here  deeciibed : 

0,  Body  flat , 1.  "LmeviiVLk 

a.  Body  cylindrical 2.  PoitooKPHU.TO 
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1.  LzvaVATULA  Frolich  {Pentaatomum  Rudolph!) .  Body  fiat,  with 
a  oonvez  back  and  scalloped  edges;  cephalothorax  usually  not  so  broad 
as  the  abdomen:  4  species. 

L.  tasnioides  (Lamarck).  Body  lanceolate;  number  of  abdominal 
lings  about  90;  length  of  female  85  mm.;  width  10  mm.;  length  of  male 
20  mm.;  width  3  mm.:  the  adult  occurs  in  the  frontal  sinus  of  the  dog 
and  horse  and  in  the  nasal  cavities  of  the  dog,  horse,  wolf,  fox,  goat,  and 
man;  the  larvae  form  (P.  denticulatum)  is  5  mm.  long  and  1.5  mm.  wide 
and  occurs  in  the  liver,  lungs,  and  other  organs  of  the  cat,  horse,  rabbit, 
rat,  and  other  animals. 

2.  PoaoosPHALirs  Humboldt  (Pentaatomum  Rudolphi).  Body  cylin- 
drical; head  usually,  but  not  always,  as  wide  as  the  abdomen:  21  species. 

P.  crotali  Humb.  (P.  prohoscideum  Rud.)  (Fig.  717).  Body  sub- 
elavate;  number  of  rings  about  40;  length  of  female  80  mm.;  width  7 
mm. ;  length  of  male  56  mm. ;  width  5  mm. :  the  adult  occurs  in  the  lungs 
and  body  cavity  of  the  rattlesnake  and  boa  constrictor  and  a  few  other 
animals;  the  larva  (P.  subcylindricus)  occurs  in  the  liver  and  body  cavity 
of  the  mouse  and  other  small  animals. 

Order  10.    TABDIORADA.* 

Water  bears.  Minute,  usually  aquatic  animals  with  a  cylindrical 
onsegmented  body,  tapering  slightly  at  both  ends  and  with  4  pairs  of 
short  legs,  each  ending  with  several  claws,  the  last  pair  of  legs  being  at 
the  hinder  end  of  the  body.  No  mouth  parts  are  present,  but  a  pair  of 
retractile  teeth  project  from  the  mouth,  beside  which  are  the  openings  of 
a  pair  of  large  salivary  glands.  Respiratory,  excretory,  and  circulatory 
organs  are  wanting.  The  digestive  tract  is  a  straight  tube.  The  nerv- 
ous system  consists  of  a  brain  and  4  pairs  of  ventral  ganglia ;  a  pair  of 
eyes  are  usually  present.  The  animals  are  hermaphroditic,  the  single 
gonad  opening  into  the  cloaca;  the  eggs  are  usually  laid  while  the  female 
is  moulting  and  the  young  develop  in  the  empty  skin. 

The  tardigrads  are  microscopic  animals  which  are  found  among 
aquatic  vegetation  and  at  the  bottom  of  standing  water,  and  also  in  moss 
and  other  damp  places,  where  they  live  on  both  vegetal  and  animal  food. 
They  possess  the  ability  to  exist  in  a  desiccated  condition  for  several 
years.  The  systematic  position  of  these  animals  is  very  obscure.  They 
are  usually  placed  near  the  mites  among  arachnids,  because  of  their  4 
pairs  of  legs  and  small  unsegmented  body,  but  their  simple  structure, 
primitive  legs,  lack  of  mouth  parts,  and  unstriated  muscle  fibres  seem  to 

^8ee  "Beltrftge  sor  Naturgeschichte  der  Tardlgarden,"  by  L.  H.  Plate,  ZooU 
Jahrb.,  Abt  filr.  Anat,  Bd.  8,  1888. 
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indicate  that  the;  are  the  most  primitive  of  all  arthropods.    The  order 
contains  about  6  genera  and  50  species. 

1.  HADBOBiOTin  8.  Sehultze.    Claws  all  or  ia  part  double  and  often 
of  different  lengths;  dark  but  never  red  pigment  in  the  integoment;  no 
feelers  or  cirri  on  head;  a  pair  of  atroi^  teeth  in  the 
mouth:  7  species. 

H.  hnfeludi  SehnL  (Fig.  718).  Each  leg  ends 
with  2  donble  claws,  the  2  sides  of  each  pair  being 
firmly  fused  and  one  of  them  with  a  small  branch 
claw;  length  .7  mm.:  common  in  fresh-water  ponds. 

2.  EosmsoUB  8.  Sehultze.     Claws  all  single  and 

not  double,  several  being  on  a  leg,  all  of  the  same 

length;  2  red  eyes  present,  also  short  cirri  or  feelers 

beside  the  mouth  on  each  side;  2  long  teeth  in  the 

iia^b^u  mouth;  the  cuticula,  jointed  on  the  back,  often  has  red 

'^i/l'Ssf'  ^P''*'  '•'  **'  *"^  uaoally  spines  or  hairs  project  from  it : 

about  13  species  in  both  fresh  and  salt  water, 

E.  sixlamnndi  Schul.    Third  leg  with  a  short  spur;  each  leg  ends 

with  about  8  claws;  2  sharp  palps  on  each  side  beside  the  month,  and  2 

more  beside  the  eye ;  lei^h  .2  mm. :  marine,  among  algae. 

E.  tertndo  Doy^re.  Body  reddish  in  color  and  opaque;  length  3 
mm.:  often  in  the  moss  of  damp  roofs. 

Obdeb  11.    PYOHOOONIDA.'     (Pantopoda.) 

Sea  spiders.  Marine  arachnids,  usually  of  small  sise,  in  which  the 
body  Gonsists  of  a  large  segmented  cephalothoraz  and  a  minute  rudimen- 
tary abdomen  (Fig.  719).  Seven  pairs  of  appendages  are  present,  of 
which  the  hinder  four  pairs  are  the  very  long,  9- jointed  legs,  which  seem 
to  have  developed  at  the  expense  of  the  trunk,  as  it  is  reduced  to  the 
smallest  proportions.  The  three  forward  pairs  of  appendages  are  the 
long  chelate  mandibles,  the  slender  pedipalps,  and  the  slender  ov^rous 
l^s,  which  are  wanting  in  the  females  of  certain  species.  The  cephato- 
thorax  is  made  up  of  the  following  five  segments:  the  anterior  more  or 
less  cylindrical  rostrum,  at  the  front  end  of  which  is  the  mouth;  a  large 
segment  bearing  the  mandibles,  the  pedipalps,  the  ovigemus  legs  and  the 
first  pair  of  walking  legs,  as  well  as  4  eyes;  and  3  segments,  each  bearing 
a  pair  of  legs.    The  digestive  tract  is  complex  in  structure,  long  diver- 

•  See  "Tbe  PycQOgOQldt  of  New  BaglaDd  tnd  Adjacent  Waten,"  by  B.  B.  WUaon, 
Rep.  V.  B.  riib.  Com.  (or  18TB,  p.  403,  1880.  "A  Contrlbotlon  to  tbe  Einbryotocr 
and  PbjIoBenf  ot  the  Pycnogonlili,"  by  T.  H.  HorgiD,  Btnille*  BloL  t^b.,  Jobu  Bop. 
UdIt.,  Vol.  S,  1800.  "Notes  on  tbe  H«blta  of  PycDOgonlda,"  b;  L.  3.  Cole,  BloL 
Boll.,  Vol.  2,  p.  19r>,  leoi.  "PyeDoKontd*,"  by  D.  W.  Tboropwn,  Camb.  Nat.  HUL. 
Vol.  4,  p.  600,  1900. 
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tieula  extending  off  from  the  intestine  into  the  legs  and  the  mandibles 
almost  to  their  tips.  The  anus  at  the  end  of  the  abdomen.  No  respira- 
tory or  excretory  organs  are  present.  The  nervous  system  consists  of  a 
brain  and  a  ventral  nerve  chord  with  Ave  pairs  of  ganglia.  The  sexes 
are  separate,  the  gonads  consisting  of  a  pair  of  testes  or  ovaries  which 
are  fused  together  in  the  adult  and  much  branched.  The  genital  pores  are 
situated  in  most  cases  on  the  second  segment  of  the  last  two  legs  in  the 
male  and  of  all  the  legs  in  the  female.  The  eggs  are  carried  by  the  males 
on  the  ovigerous  legs  and  hatch  usually  into  six-legged  larvae,  which  go 
through  a  metamorphosis.  The  larva  of  Pallene  resembles  the  adult  at 
hatching. 

The  pycnogonids  live  among  marine  algae  and  on  hydroids,  and  vary 
in  length  from  a  millimeter  to  a  number  of  centimeters.  Their  system- 
atic position  is  very  obscure,  but  they  are  usually  grouped  with  the 
arachnids.  They  differ  from  these  animals,  however,  in  having  seven 
pairs  of  appendages,  a  difficulty  which  may  be  overcome  by  considering 
the  last  pair  of  legs  abdominal  and  homologizing  them  with  the  first  pair 
of  embryonic  abdominal  legs,  which  characterize  the  other  arachnids. 
The  animals  have  been  classed  with  the  Crustacea  and  the  larva  compared 
with  the  nauplius,  to  which  it  has  a  superficial  resemblance.  They  have 
also  been  derived  from  a  primitive  annelid  ancestor  and  the  characteristic 
larva  compared  with  a  modified  annelid  larva.  The  order  contains  about 
9  families  and  over  200  species. 

Key  to  the  families  of  Pycnogomda  here  described: 

Ox  Mandibles  wanting 1.  Ptcnogonidae 

€h  Mandibles  present. 

\  Mandibles  not  chelate 2.  Amuothetoab 

h%  Mandibles  chelate. 

Ox  Pedipalps  wanting 3.  PAixENmAB 

0^  Pedipalps  present 4.  Ntmphonidab 

Family  1.    PTCNOGONIDAE. 

Body  broad  and  flat;  mandibles  and  pedipalps  wanting:  1  genus. 

PYOKOOONtnc  Briinnich.  Ovigerous  legs  10-jointed,  wanting  in  the 
female;  accessory  claws  wanting:  10  species. 

P.  littorale  (Strom)  (Fig.  719).  Length  16  mm.;  spread  of  legs  38 
mm.;  eyes  small,  black,  and  widely  separated,  on  a  prominent  tubercle; 
ovigerous  legs  very  small :  Long  Island  Sound  to  Gulf  of  St.  Lawrence, 
from  low-water  mark  to  400  fathoms,  usually  under  stones;  cosmo- 
politan; Europe. 

Fahilt  2.    AMMOTHEIDAE. 

Body  broad  and  thick;  mandibles  not  chelate;  accessory  claws 
present  or  not:  9  genera  and  30  species. 
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Turrnrxint  l£iere.  Mandibles  1- jointed  and  rudimentary;  pedi- 
palpe  6-jointed;  ovigerooB  legs  10-jcriiit«d  and  present  in  both  sexes; 
aeoessor;  claws  present:  8  speeies. 


11(.  7tft— IVmmwihh*  HItorale  (WllKoi).    Bxptanitlom  as  la  Fig.  721.    Fls.  720— 
Tanj^^am  ablenltm  <Wll«on).    Bipluiatlana  u  In  fis.  721. 

T.  obicaUra  E.  B.  Wilson  (Fig.  720).  Length  1.5  mm.;  spread  of 
legs  6.4  nun. ;  ovigerous  legs  about  half  as  lai^  in  the  female  as  in  the 
male :  Vineyard  Sound  from  low-water  mark  to  14  fathoms,  on  hydroids 
or  ascidians  growii^  on  wharves,  etc. 

Fahilt  3.    PALLENIDAE. 

Body  rather  stout;  msndiblea  chelate;  pedipalpe  wanting;  aeeessoir 
eUwa  wanting  or  not:  8  genera  and  60  species. 

1.  Palleme  Johnston.  Mandibles  3-jointed;  legs  very  long;  oviger- 
ons  legs  9-jointed ;  aeeeesory  claws  present :  10  species. 

P.  empiua  E.  B.  Wilson.  Length  1.5  mm.;  spread  of  l^s  13 
mm. ;  eyes  red ;  ovigerous  legs  about  a  third  as  long  as  the  other  legs  in 
the  male,  and  smaller  in  the  female :  Long  Island  and  Vineyard  Sounds, 
on  hydroide  in  shallow  water. 

S.  AitovLODACTTxn  E.  B.  Wilson.  Body  slender;  rostrum  rounded; 
mandibles  3-jainted;  ovigerous  legs  6-jointed  and  wanting  in  female; 
accessory  daws  absent:  12  spedea. 

A.  iMitiu  Wils.  Length  7  mm.;  spread  of  legs  30  nun.;  eyes  brown 
or  black;  rostrum  and  mandibles  long;  ovigerous  legs  stout;  legs  very 
long;  color  purple,  sometimes  gray  or  brown:  common  between  tide  marks 
and  in  shallow  water  in  Vineyard  Sound,  on  hydroids  and  ascidians. 

Fault  4.    N7HPH0NIDA£. 
Body  slender  or  broad,  with  a  large  tapering  rostrum; 
chelate;  pedipalpa  present:  4  genera;  55  species. 


:  4.  flnt  leg ;  0.  oTtienini 
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Vnaaat  Fabrimiu.  Bod;  slender,  nuuidiblee  3- jointed ;  pedipalps 
5- jointed;  ovigerous  I^b  present  in  both  sexes  and  11- jointed;  legs 
slender,  with  accessory  cUws:  45  species. 

N.  rtrdml  Eriiyer  (Fig.  721).  Length  15  nun.;  spread  of  l««s  14 
cm. ;  ovigerous  legs  19  nun.  long,  stont,  slightly  hairy :  on  mnddy  bottoms. 

N.  loogiUiM  Kroyer.  Length  7 
nmi. ;  spread  of  legs  65  nun.;  entire 
ftniitiftl  extremely  slender,  ovigerous 
l^s  especially  so:  common  from  Cape 
Cod  to  Kova  Scotia,  in  from  16  to  115 
fathoms. 

N.  groasipes  (Fabrieius).  Length 
10.5  mm.;  spread  of  l^s  9  cm.;  color 
light  yellow,  often  with  purple-banded 
legs;  eyes  black,  on  a  prominent  tu- 
bercle; ovigerous  1^;b  very  slender: 
very  common  from  Long  Island  Sound 
to  Nova  Bootia,  in  from  12  to  110  i™!™!!)!!!;!!!^.* 
fathoms. 

Class  3.    TKAOHEA.TA. 

Air-breathing  arthropods  with  a  distinct  head  and  a  sin^e  pair 
of  antennae,  which  respire  through  tracheae. 

External  Ckaraeters.— The  more  primitive  tracheates  are  worm-like 
animals  in  which  the  body  is  made  up  of  a  large  number  of  similar 
segments,  without  any  division  into  thorax  and  abdomen;  the  head,  how- 
ever, is  always  distinctly  set  off.  In  the  insects,  the  hi^iest  members  of 
the  group,  the  body  is  divided  into  the  three  regions,  head,  thorax,  and 
abdomen.  The  [nired  appaidages  in  the  primitive  tracheates  occur  along 
the  entire  length  of  the  body,  a  pair  extending  from  each  somite,  except 
usually  Ihe  last  one.  In  the  insects,  however,  as  in  the  Arat^tnoidea,  the 
abdomen  is  usually  not  provided  with  locomotory  appendages.  The  head 
appendages  Are  a  pair  of  antennae,  which  are  pveoral  in  position,  a  pair 
of  mandibles,  which  have  no  palps,  and  in  most  cases  two  pairs  of  maxillae. 
A  diagram  lowing  the  homolo^es  of  the  appendages  of  tracheates  and 
the  other  arthropods  is  given  on  page  323. 

The  TrachecOa  are  preeminently  terrestrial  and  aerial  animals  and 
breathe  atmospheric  air  by  means  of  tracheae,  which  open  to  (he  outadfl 
through  pores  called  spiracles.  A  veiy  few  insects  live  on  the  aorfaoe  of 
the  sea  and  a  considerable  number  of  species  are  found  in  fresh  water; 
in  the  ease  of  the  latter,  certain  insect  larvae  breathe  water,  hut  most 
aquatic  tracheates  still  breathe  the  atmospherie  air.     The  class  contains 
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Key  to  the  divisions  of  Tracheata: 

Oi  Body  worm-like,  with  a  hirge  number  of  pain  of  legB. 
bi  Body  not  externally  segmented ;  animals  tropical  and  subtropical. 

1.  ONYCHOPHOBA 

h^  Body  distinctly  segmented 2.  Mtbiafoda 

Oi  Body  divided  into  head,  thorax,  and  abdomen ;  3  pairs  of  legs. . .  .3.  Insbcta 

Division  1.    OKYOHOPHOSA.*     (Pbotrachsata.) 

Primitive,  worm-like  traeheates  which  combine  annelid  with  tradieate 
characters.  The  surface  of  the  body  does  not  show  segmentation,  but  is 
simulated,  and  from  its  ventral  surface  projects  a  series  of  pairs  of  short 
annulated  appendages,  which  in  the  various  species  may  number  from 
14  to  43  pairs.  The  head  bears  a  pair  of  simple  eyes,  a  pair  of  segmented 
antennae,  a  pair  of  hooked  jaws  surrounded  by  a  circular  lip,  and  a  pair 
of  short  leg-like  oral  papillae  in  which  are  the  apertures  of  a  pair  of  slime 
glands;  the  sticky  secretion  of  these  glands  serves  to  catch  insects  and 
spiders.  Cozal  glands,  of  which  there  are  as  many  pairs  as  legs,  are  also 
present.  On  the  under  surface  of  each  leg  also  is  a  conspicuous  elongated 
groove  which  is  the  opening  of  a  nephridium.  The  skin  is  soft  and 
thickly  beset  with  papillae. 

The  body  cavity  resembles  that  of  insects  in  being  an  extensive  blood 
space  and  not  a  true  coBlom.  The  digestive  system  consists  of  a  straight 
tube  passing  from  the  mouth  to  the  anus  at  the  hinder  end  of  the  body ; 
the  only  digestive  glands  are  a  pair  of  long  salivary  glands.  The  heart 
is  a  long  muscular  tube  with  segmental,  paired  openings.  The  respiratory 
system  consists  of  bunches  of  short  tracheae,  each  of  which  opens  through 
a  spiracle  to  the  outside,  and  which  are  scattered  irregularly  above  and 
between  the  legs.  The  excretory  system  consists  of  a  pair  of  nephridia  at 
the  base  of  each  pair  of  legs.  Each  nephridium  opens  into  a  vesicle 
which  is  a  remnant  of  the  coelom,  and  externally  in  the  elongated  groove 
on  the  under  surface  of  a  leg.  The  nervous  system  consists  of  a  dorsal 
brain  and  of  a  pair  of  ventral  chords  which  extend  from  the  brain  the 
length  of  the  body  and  unite  behind  the  anus ;  they  are  joined  by  numer- 
ous transverse  commissures.  The  sexes  are  separate,  the  genital  opening 
lying  in  front  of  the  anus.  The  gonads  are  paired,  their  ducts  being 
modified  nephridia.  Some  species  are  viviparous  and  some  lay  eggs.  In 
many  forms  the  egg  contains  much  yolk  and  segments  superficially,  as  is 
the  case  in  insects,  while  in  others  it  is  poor  in  yolk  and  segmentation  is 
total,  and  the  embryo  is  enclosed  in  folds  of  the  uterus  cmd  nourished  by 
means  of  a  placenta. 

*  See  "Monographle  des  Onychophores,'*  by  £2.  L.  Bouvier,  Ann.  des  8cl.  Nat., 
Zool.,  1807.  "The  Present  Distribution  of  the  Onychophora,"  etc.,  by  A.  H.  Clark, 
Smithsonian  Misc.  ColL,  VoL  66, 1916. 
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The  OnytAophora  live  under  bark  &nd  stones  and  in  other  damp, 
dark  places  and  feed  on  insects  and  other  small  animals. 

History.— Penpatus  was  first  described  in  1825  and  classified,  because 
o£  its  sli^-like  appearance,  with  the  moUasks.  It  was,  however,  soon  after 
placed  among  the  worms  and  in  1851  was  made  one  of  the 
sabdivisions  of  annelids  bj  Gnibe,  to  which  be  gave  the 
nwne  Onychopkora.  Burmeister  in  1856  placed  the 
(fronp  between  the  annelids  and  the  arthropods,  and 
Moseley  in  1874  finally  demonstrated  its  relationship  to 
the  Utter  ^roup  by  showing  the  presence  of  tracheae. 

The  division  eoutaine  2  families  with  about  12 
genera  and  75  species,  which  are  found  in  the  Malay 
Peninsula,  the  East  Indies,  Australia,  New  Zealand,  Af- 
rioa,  South  and  Central  America,  and  the  West  Indies. 

FAMn.T  PEBIPATIDAE. 

Bexnal  orifice  between  the  penultimate  pair  of 
legs;  14  annulations  to  a  somite  on  the  back:  tropical 
America;  East  Indies;  tropieal  Africa;  about  6  genera 
and  50  species. 

Feripataa  Guildii^.  Number  of  pairs  of  legs  from 
23  to  43,  but  is  variable  in  the  same  species ;  legs  with 
4  to  7  spinous  pads;  feet  with  3  to  7  distal  papillae; 
^£8  minute;  embryo  with  placenta:  about  40  species. 

P.  (Oroperipatwa  Cockerell)  deeni*  Wheeler  (Fig. 
722).  Length  40  to  57  mm.;  number  of  pairs  of 
1%8  23  to  20 ;  color  reddish-brows :  team  Tepic,  Mexico, 
to  BrasiL  Fts.  732 

DmsiON  2.     UTBIAPODA.t  '"^^meeim.*^ 

Tracheates  with  &  distinct  head  and  a  trunk  which  is  made  np  of  a 
large  number  of  similar  segments,  each  of  which  usuaUy  bears  one  or  two 
pairs  of  jointed  appendages.  The  number  of  segments  may  vaiy  from 
eleven  in  Glomena  Hnd  Polyxetma  to  one  hundred  and  seventj-three  in 
certain  GeophilidoB.  The  legs  end  each  in  a  single  claw,  except  in  the 
Symphyla,  in  which  each  1%  has  two  claws.  The  appendages  of  the 
head  consist  of  a  pair  of  segmented  antennae,  a  pair  of  mandibles,  and 
one  or  two  puis  of  maxillae.     The  mandibles  are  without  palps  and 

•  Sk  "A  Hew  FerliKtiiB  from  Mexico,"  by  W.  H.  WbMler,  Jour.  Iforph., 
.Vol  19,  1899. 

t  See  "Tbe  HjilBpoda  at  North  America,"  bj  B,  C  Wood,  Jr.,  Truis.  Am.  PbU, 
8oc,  Vol.  13,  p.  137,  1S6B.  "The  Clawlficfltloa  t>l  tbe  Hyrltpoda,"  br  J.  B.  ElofrKle;, 
Am.  Nat.,  VoL  32,  p.  lllS,  1888.  "The  Uyrtapodk  of  Nortb  America,"  by  C.  H. 
Bollman,  BalL  No.  49.  U.  B.  Nat.  Has..  1893.  "Myrlapoda,**  by  C  TerboelT,  Broim'i 
KKmcd  QDd  Ord.,  etc.  D  Bd^  11  Abt,  1903-19OT. 
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adapted  for  biting,  except  in  the  PolyMonUdae,  in  which  the  mouth  parts 
are  suctorial.  The  Chilopoda,  like  the  inaectSy  have  two  pairs  of  maxillae; 
the  other  Myriapoda  have  but  one  pair.  In  the  ChUopoda,  also,  the  first 
pair  of  legs  project  forward  beneath  the  head  and  are  transformed  into 
hook-like  claws  or  maxillipeds,  each  of  which  has  a  poison  gland.  Myria- 
pods  possess  a  pair  of  eyes,  each  consisting  of  a  group  of  ocelli;  in 
Scutigera,  however,  compound  eyes  are  present.  The  internal  organs  are 
similar  to  those  of  insects.  The  sexes  are  separate,  the  single  genital  pore 
in  the  Chilopoda  being  in  the  penultimate  segment  and  the  paired  pores 
of  the  Diplopoda  in  the  second  body  segment  All  Myriapoda  lay  eggSw 
The  young  are  bom  as  larvae  with  three  pairs  of  legs  in  the  Pauropoda 
and  Diplopoda  and  six,  seven,  or  more  pairs  in  the  Symphyla  and  CJUUh 
poda;  in  certain  of  the  latter  group  the  larva  possesses  as  many  legs  as 
the  adult,  although  they  are  not  all  well  grown. 

All  Myriapoda  are  terrestrial  animals  which  live  in  dark,  damp  places 
and  avoid  the  light  The  Chilopoda  live  on  animal  and  most  of  the 
Diplopoda  on  vegetable  food. 

ilwtors^.— Myriapoda  have  been  known  from  time  immemorial  and 
usually  much  feared  on  account  of  the  dangerous  bite  of  certain  of  them. 
Aristotle  mentions  both  centipeds  and  millipeds,  using  the  still  familiar 
names  of  Scolopendra  and  Julua.  Both  of  these  names  were  adopted  by 
linneus  for  his  two  genera  of  the  animals,  which  he  placed  among  the 
Insecta  aptera.  The  name  Myriapoda  was  created  by  Latreille  in  1796. 
The  animals  were,  however,  retained  among  the  insects  until  1814,  when 
Leach  formed  a  separate  class  of  them  equivalent  to  the  Iiwecto.  The 
career  of  the  group  since  that  time  has  been  a  checkered  one,  having  been 
placed  by  some  authors  among  the  Crustacea  and  by  others  among  the 
Arachnida  or  the  Insecta,  Its  right  to  be  considered  an  independent 
group  may  be  said  to  have  been  definitely  fixed  by  Newport  (1844)  and 
Koch  (1847).  In  later  years  attention  has  been  called  to  the  fact  by 
Kingsley,*  Verhoeff,  and  others  that  the  Myriapoda  form  two  groups 
instead  of  a  single  one,  one  of  which,  the  Chilopoda  (Latreille  1817),  stands 
in  close  relationship  to  the  insects,  while  the  other,  the  Progoneaia 
(Pocock  1895),  occupies  an  independent  position. 

The  number  of  known  species  of  Myriapoda  is  about  1,000,  grouped 
in  two  orders. 

Key  to  the  orders  of  Myriapoda: 

Oi  Genital  pore  near  forward  end;  body  uaoally  cylindrical,  with  mostly 

2  pairs  of  legs  to  a  segment 1.  PBDGOifSA.TA. 

0,  Genital  pore  near  hinder  end;  body  flattened,  with  1  pair  of  legs  to  a 

segment 2.  Gheu>rmu 

•  See  "The  Claariacattoa  of  the  Artbropoda,**  by  J.  8.  Klagriey,  Am.  Nat,  YoL  88. 
pp.  118  and  220,  1894. 
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Obdeb  1.    PBOOONEATiL 

Body  usually  cylindrical ;  usually  2  pairs  of  legs  to  a  segment ;  but 
one  pair  of  maxillae;  with  anteriorly  placed  genital  pore;  tracheae  with- 
out anastomoses  and  spiracles  which  cannot  be  closed:  3  suborders. 

Key  to  the  suborders  of  Progoneata: 

Hi  Animals  minute ;  but  1  pair  of  legs  to  a  segment. 

&i  Antennae  not  branched 1.  Sticfhtla 

ba  Antennae  with  3  terminal  branches • 2.  PAUBOFonA 

Oa  Animals  not  minute ;  2  pairs  of  legs  to  most  segments ;  milUpeds. 

d.  Deflopdda 

SuBOBDEB  1.    SYMPHYLA.* 

Minute,  colorless  myriapods  with  a  flattened  body  consisting  of  a 
head  and  14  segments,  with  12  pairs  of  legs,  each  of  which  terminates 
with  2  claws;  projecting  from  the  basal  joint  of  each  leg  of  the  10  hinder 
pairs  is  a  minute  movable  branch  or  parapod;  antennae  long;  eyes  absent 
or  minute;  mouth  parts  consist  of  a  pair  of  mandibles  and  a  pair  of 
maxillae  which  form  a  sort  of  underlip ;  a  pair  of  long  thick  cerci  project 
from  the  hinder  end  of  the  body,  each  of  which  has  a  spinning  gland;  2 
spiracles  present  at  the  base  of  the  antennae;  the  median,  genital  pore  is 
in  the  fourth  segment ;  young  bom  with  6  or  7  pairs  of  legs :  1  family,  2 
genera,  and  about  24  species,  of  which  4  are  American,  which  are  active 
animals,  found  under  stones,  etc.,  in  moist  places. 

Faiolt  SCOLOPENDBELLIDAE. 
With  the  characters  of  the  order :  2  genera. 

1.  SoiTTiGBBEXXA  Ryder.  Posterior  margin  of  all  the  dorsal  plates 
except  the  last  either  convex  or  emarginate,  with  2  lobes;  head  sharply 


separate  from  the  trunk  in  the  mid-dorsal  area;  first  pair  of  legs  well 
developed  and  more  than  half  as  long  as  the  following  pair:  10  species, 
2  in  America. 

*  See  "The  Stnictore,  Afflnltles  and  Species  of  Scolopendrella/'  by  J.  A.  Ryder, 
Proc.  Acad.  Nat.  Scl.,  Phila.,  for  1881,  p.  79.  "Scolopendrella  and  Its  FoBltion  in 
Nature/'  by  A.  S.  Packard,  Jr.,  Am.  Nat,  Vol.  15,  p.  698,  1881.  "The  Genera  and 
Species  of  the  Order  Symphyla,"  by  H.  J.  Hansen,  Quart  Jour,  Mic.  Soc.,  1903. 
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8.  immaculata  *  (Newport)  (Fig.  723).  The  last  dorsal  plate  with 
a  very  deep,  median  cavity;  second  plate  deeply  emarginate  behind; 
antenna  with  19  to  50  joints;  length  up  to  7L  mm.:  Massachusetts  to 
Texas,  in  old  stumps,  under  moss,  etc.;  Europe. 

8.  nivea  (Scopoli)  {S.  gratiae  Ryder).  No  deep  cavity  in  the  last 
dorsal  plate,  each  segment  with  a  pair  of  long  setae  projecting  straight 
out  from  body;  second  plate  with  the  hinder  margin  straight  or  nearly 
so;  length  2.5  mm.:  eastern  United  States;  Europe. 

2.  800LOPEVDBELLA  Gervais.  Posterior  margin  of  all  the  dorsal 
plates  except  the  last  in  form  of  a  pair  of  triangnilar  plates;  head  not 
sharply  separate  from  the  trunk;  first  pair  of  legs  often  rudimentary: 
12  species,  2  American. 

8.  texana  Hansen.  Length  2.8  mm.;  antennae  with  19  to  22  joints; 
cerci  with  a  few  long  setae  on  the  lower  side,  while  all  the  other  setae  are 
short;  last  pair  of  legs  with  3  long  dorsal  setae  on  the  penultimate 
joint  and  4  or  5  on  the  last  joint :  Austin,  Texas. 

8.  puflilla  Hansen.  Length  1.7  mm.;  antennae  with  14  joints;  last 
pair  of  legs  with  2  long  dorsal  setae  on  the  penultimate  joint  and  3  on  the 
last  joint :  Austin,  Texas. 

SuBORDBR  2.    PAUROPODA.t 

Minute  myriapods  in  which  the  body  consists  of  a  head  and  12 
segments,  the  latter  being  covered  in  most  cases  by  6  large  dorsal  plates 
and  bearing  9  pairs  of  legs,  each  of  which  has  a  single  terminal  claw; 
each  antenna  consists  of  4  basal  segments  and  2  terminal  branches, 
one  of  which  is  larger  than  the  other  and  ends  with  2  flagella  and  either 
a  stalked  or  a  sessile  round  knob;  one  pair  of  maxillae,  which  form  an 
underlip;  eyes  absent;  4  or  5  pairs  of  long  tactile  bristles  project  from 
the  sides  of  the  body;  heart  and  respiratory  organs  wanting;  genital 
pores  just  behind  the  second  pair  of  legs,  being  paired  in  the  male  and 
simple  in  the  female;  young  bom  with  only  3  pairs  of  legs:  2  families, 
2  genera,  and  6  species,  3  being  American;  they  live  in  woody  places, 
under  stones,  etc. 

Family  1.    PAUBOPODIDAE. 

Body  elongate  and  cylindrical,  with  long  legs  projecting  laterally 
beyond  the  trunk;  color  white;  each  dorsal  plate  with  2  transverse  rows 
of  bristles:  1  genus. 

•  See  "Habits  and  Structure  of  Scutigerella  Immanilata  (Newport),"  by  S.  R. 
WlUlams.  Proc.  Bost.  Soc.  Nat.  Hist.,  Vol.  33,  p.  461,  1907. 

t  See  "A  New  Genus  of  Minute  Pauropod  Myriapods,"  by  J.  H.  Byder,  Am.  Nat, 
Vol.  13,  p.  603,  1879.  'The  Morphology  and  Classification  of  the  Fanropoda,**  by 
F.  C.  Kenyon,  Tufts  College  Studies,  No.  4,  p.  77, 1895, 
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PADSOPm  Lubbock.    With  the  chancten  above  given:  2  species, 
1  American. 

P.  hnzleyl  Lab.  (P.  lubboeki  Packard)  (Fig. 
724).  Terminal  knob  of  antenna  sessile  or  nearl; 
bo;  length  1.3  mm.;  width  .35  mm.:  Europe  and 
eastern  and  centTal  United  States. 

Family  Z.  EUBYPAUBOPODIDAE. 
Segmentation  indistinct;  9  pain  of  legs  pres- 
ent; body  very  wid«  and  flat, 
and  tubercol&te  and  spinoae 
dorsally,  with  the  head  and  the 
Bhort  legs  concealed  nnder  it; 
color  reddish ;  antennal  knob  on 
a  long  Btalk:  1  g«nas  and  3 
apeeiea,  1  American. 

Eva.rrAva.orvB     Ryder,     p,,  „4_ 

With     the     characters     above       hiiaieyt  {KtaHm. 
given. 

E.  spinosns  Ryder  (Fig. '^5).    Length  L25  mm. ; 
ig.726  width  .5  mm.:  eastern  and  central  United  States; 


Suborder  3.     DIPLOPODA.     (Chilognatha.) 
The  miUipeds  (Fig.  726).    Usaally  elongate  and  cylindrical  royria- 
pods  with  2  pairs  of  legs  on  most  of  the  segments;  with  the  exception 
of  the  first  few  and  the  last  segments,  each 
has  been  formed  by  the  fusion  of  2  somites, 
thus  possessing  4  loga,  2  ganglia,  2  pairs  of 
spiracles,  and  2  pairs  of  openings  in  the 
heart ;  antennae  short,  mostly  7- jointed ;  bnt 
one   pair   of   maxillae   present,   which    are 
united  to  form  an  underlip  called  the  gna- 
thochilarium ;  an  upper  lip  present  in  front 
of  the  mouth;  integument  often  hard,  con- 
taining calcium  carbonate;  legs  of  each  pair         Fig.   726 — DtMsrsm   ot  tbc 
...  i.     1        _o  II  front  end  ot  «  dlplopod  (Pola- 

sprmg  from  the  ventral  surface  close  to-      aetamt)    (Latiei).    i.  fem>i« 

,.  ,  1.  1       ■  ■ I genltBl  pore;   2,   [uteatliie  i  3, 

gether  and  near  each  leg  js  a  spiracle ;  a  row      aomi  pEite. 

of  the  openings  of  stink  glands  uHually  pres- 
ent along  the  side  of  the  body,  which  secrete  an  offensive  gas,  which  in 
certain  cases  is  hydrocyanic  acid ;  tracheae  of  primitive  structure,  each 
^iraele  opening  into  a  bunch  of  usually  unbranched  tubes;  gonads  usu- 
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ally  impaired  and  m  the  hinder  part  of  the  body ;  the  paired  duets  leading 

to  two  openings  in  the  second  body  segment ;  one  or  both  pairs  of  legs  in 

the  seventh  segment  usually  modified  in  structure  in  the  male  to  serve  as 

copulatorjr  organs;  the  young  larvae  with  but  3  pairs  of  legs  and  few 

segments:  about  8  families  and  125  American  species,  which  are  usually 

sluggish  animals  living  under  stones  and  in  other  dark,  moist  plaeesy 

and  feeding  on  decaying  vegetable  and  animal  matter,  but  also  in  scmie 

cases  on  living  roots  and  thus  often  proving  destructive  in  gardens. 

Key  to  the  families  of  Diplopoda  here  described: 

Oj  Anus  in  terminal  segment;  maxillae  forming  a  plate;  integument  hard; 
copulatory  feet  present. 
hx  Mouth  parts  suctorial  and  more  or  less  like  a  proboscis. . .  .1.  Poltzoniidab 
&,  Mouth  parts  not  suctorial. 
Ci  Segments  30  or  more  in  number. 

di  Both  pairs  of  legs  on  seventh  segment  of  male  copulatory. 
€i  Stink  glands  present ;  anal  segment  rounded  or  produced  into  a  spine. 

2.   JUUDAE 

6b  Stink  glands  absent;  anal  segment  usually  elongated  into  2  slender 

papillae 3.  Gra-sprdosoiiidab 

d^  Anterior  pair  of  legs  only  on  seventh  segment  of  male  copulatory. 

4.  Ltsiopetaudax 
Oa  Segments  20  or  21;  anterior  pair  of  legs  on  seventh  segment  copu- 
latory     5.   POLTDESMIDAB 

Oa  Anus  on  the  penultimate  segment;  maxillae  leg-like;  integument  soft, 

with  bunches  of  hairs ;  copulatory  feet  absent 6.  Foltxbnidae 

Family  1.    POLYZONIIDAE. 

Body  elongate,  with  a  hard  integument,  and  wide  and  more  or  less 
flattened,  consisting  of  from  30  to  100  or  more  segments;  mouth  parts 
more  or  less  rudimentary  and  prolonged  to  form  a  suctorial  proboscis; 
row  of  stink  glands  on  each  side;  both  pairs  of  legs  on  the  seventh 
segment  copulatory :  4  American  genera  with  about  5  species,  all'  of  which 
can  roll  themselves  together  so  as  to  form  a  ball. 

PoLYZOvmc  Brandt.  First  dorsal  plate  rounded  in  front  and  pro- 
jecting to  the  base  of  the  antennae,  concealing  nearly  all  of  the  oeelli, 
which  are  2  to  4  in  number;  antennae  close  together;  legs  very  short, 
the  third  segment  being  without  them:  1  American  species. 

P.  rosalbnm  (Cope).  Color  reddish-brown  above,  paler  posteriorly 
and  along  the  margins;  antennae  very  dark,  with  6  joints;  39  to  53 
segments:  central  states,  often  common. 

Family  2.    JULIDAE. 

Body  elongate,  cylindrical,  and  with  a  hard  int^piment,  consisting 
of  from  30  to  70  segments,  the  double  pairs  of  legs  beginning  on  the 
fifth ;  antennae  on  the  sides  of  the  head ;  both  pairs  of  l^s  on  the  seventh 
segment  of  males  copulatory ;  a  row  of  stink  glands  on  each  side  of  the 
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body;  third  s^pneat  usually  legless:  7  American  genera  and  about  50 
species,  all  of  which  can  roll  themselves  together. 
K^  to  the  genera  of  JuUdae  here  described: 

Ox  Third  segment  without  legs. 
bx  Mandibular  teeth  4. 

Ci  Only  the  ventral  plates  of  the  first  2  segments  free 1.  JULUS 

Ct  All  the  ventral  plates  free 2.  Nemasoma 

b.  Mandibular  teeth  10 3.  Pabajulus 

o.  Third  segment  with  legs. 

hx  All  4  anterior  segments  with  legs 4.  Spibobolub 

&a  Fourth  segment  without  legs 5.  Cambala 

1.  JVLJIB  L.  Eyes,  if  present,  composed  of  a  number  of  ocelli; 
third  segment  without  legs;  first  pair  of  legs  of  male  3-jointed,  very 
small;  antennae  delicate;  copulatory  legs  of  male  usually  hidden;  only 
the  ventral  plates  of  first  segments  free;  mandibular  teeth 

4:  about  10  American  species. 

J.  virgatna  Wood  (Fig.  727).  Body  yellowish-brown, 
with  a  median  and  2  lateral  bands;  eyes  distant,  composed 
of  25  to  40  ocelli  on  a  side;  segments  30  to  35;  legs  50  to 
G5  pairs;  last  segment  rounded;  length  12  mm.;  width  1  juuHsvioatiu 
mm. :  common  all  over  the  country,  especially  in  meadows  body"  ( Wood^' 
and  gardens. 

J.  venustUB  Wood.  Color  reddish-chestnut,  lighter  in  young  speci- 
mens; segments  52  with  usually  two  black  dots  on  each  side  of  each 
segment;  last  segment  mucronate;  length  2  cm.:  common  in  eastern  and 
central  states. 

2.  NsxABOXA  Koch.  Similar  to  Julus,  but  all  the  ventral  plates 
free:  2  American  species. 

N.  minntum  (Brandt).  Body  brown,  with  a  lateral  row  of  ovate 
black  spots  in  each  side,  composed  of  35  to  45  segments,  12  nmi.  long, 
.8  mm.  wide;  feet  pale,  not  extending  beyond  the  body;  eyes  distinct, 
with  a  dark  band  between  them  and  with  8  or  9  ocelli  on  a  side :  common 
in  eastern  and  central  states. 

3.  Pa&ajtulub  Humbert  and  Saussure.  Eyes  composed  of  nu^ierous 
ocelli;  third  segment  without  legs,  second  pair  veiy  small;  first  pair 
in  males  6-jointed;  mandibular  teeth  10;  number  of  segments  40  to 
70,  last  segment  more  or  less  prolonged  into  a  spine:  13  American 
species. 

P.  impressus  (Say).  Body  not  hairy,  chestnut  brown,  with  a  mid- 
dorsal  line  and  2  lateral  rows  of  black  spots  and  composed  of  45  to  55 
segments,  32  mm.  long  and  2  mm.  wide;  70  to  90  pairs  of  feet,  sparsely 
hairy;  the  first  pair  very  large;  ocelli  40  to  60  on  a  side;  terminal  spine 
short:  central  and  eastern  states. 
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P.  pennsylvanicQS  (Brandt).  Body  rough  and  hairy,  dark  brown, 
with  a  mid-dorsal  line  and  2  lateral  rows  of  black  spots,  composed  of 
55  to  65  segments,  38  mm.  long,  2  mm.  wide;  100  to  112  pairs  of  pale 
feet,  densely  hairy,  first  pair  large;  ocelli  40  to  70  on  a  side;  ter- 
minal spine  small:  common  in  the  central  and  eastern 
states. 

P.    canadwisla    (Newport)    (Fig.    728).     Body    not 
hairy,  very  dark  brown,  with  2  lateral  rows  of  yellow 
Fis  728  Bpots,  composed  of  56  segments,  25  mm.  long,  1.5  mm. 

c^^^iSuL       wide;  86  to  93  pairs  of  very  pale  feet,  sparsely  hairy; 
bod*°?w°o<n'     terminal  spine  large,  round,  and  45urved;  ocelli  43  to  50: 

northeastern  states  and  Canada. 

4.  SpntOBOLua  Brandt.  All  anterior  segments  with  legs;  mandibu- 
lar teeth  10;  antennae  short  and  thick:  about  12  American  species, 
chiefly  in  the  southern  states  and  California. 

8.  marginatns  (Say)  (Fig.  729).  Body  dark  brown 
with  a  reddish  ring  on  each  segment,  smaller  specimens 
greenish;  feet  and  antennae  reddish;  composed  of  53  to 
57  segments ;  10  cm.  or  less  long  and  1  cm.  wide ;  88  to  100 
pairs  of  feet,  extending  beyond  the  sides  of  the  body; 
eyes  indistinct,  composed  of  30  to  40  ocelli  on  a  side; 
antennae  short,  npt  reaching  the  hinder  border  of  the  first 
segment:  common  in  the  eastern  and  central  states. 

5.  Oaxbaia  Gray.     Each  eye  composed  of  a  single 
row  of  4  to  6  ocelli;  fourth  segment  without  legs;  first 
pair  in  males  6-jointed;  mandibular  teeth  6  or  7;  number 
of  segments  50  to  65;  last  segment  rounded;  dorsal  plates        J^'l^ 
of  segments  with  sharp,  parallel  ridges:  1  species.  ^?^^\^ 

( n  OOQ)  • 

0.  aannlata   (Say).     Body  long  and  slender;  color 
yellowish-brown,  with  2  lateral  rows  of  dark  brown  spots;  70  to  112 
pairs  of  legs ;  length  38  mm. ;  width  2  mm. :  common  in  the  eastern  and 
central  states. 

Family  3.    GRASPEDOSOMIDAE. 

like  the  Julidae,  but  without  stink  glands  and  with  the  terminal 
segment  elongated  into  2  slender  papillae:  6  American  genera  with 
about  15  species. 

Oaxpodbs  Koch.  Anterior  pair  of  legs  on  eighth  as  well  as  both  pairs 
on  seventh  segment  copulatory;  body  covered  with  fine  hairs:  1  species. 

0.  flavicomis  Koch.  Body  yellowish-brown,  with  a  light  mid-dorsal 
line  with  darker  spots,  with  about  30  segments,  and  15  mm.  long;  eyes 
triangular  and  prominent;  antennae  slender  and  long:  often  common 
in  the  eastern  and  central  states. 
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Family  4.    LYSIOPETALIBAE.* 

Like  the  Julidae,  but  with  the  first  pair  of  legs  only  of  the  seventh 
segment  copulatory:  1  American  genus. 

Lybiopetaluic  Brandt.  Body  long  and  slender,  tapering  gradually 
to  the  hinder  end;  seventh  antennal  joint  conical  and  very  short:  1 
American  species;  several  in  Europe. 

L.  lactarium  (Say)  (Fig.  730).    Body  with  about 
60  segments  and  115  pairs  of  legs,  yellowish-brown 


in  color  with  mottled  darker  spots  and  bands;  eyes 

with  40  ocelli  connected  by  a  black  band;  length  35  ^ 

mm.;  width  2  mm.:  conunon  throughout  the  eastern 

and  central  states. 

Family  5.    POLYDESMIDAE. 

(Pig.  726).  Body  more  or  less  elongate,  broad 
and  flattened,  and  with  a  hard  integument,  composed 
of  19  or  20  segments  and  with  28  to  31  pairs  of  legs;  6 

the  dorsal  plate  of  each  segment  prolonged  laterally     pet2ium^iactail^m 
on  each  side  to  form  a  conspicuous  wing;  eyes  absent;     B^^hfnd  ^nd**oi 
antennae  long;  a  row  of  stink  glands  on  each  side,     ^^7* 
usually  with  a  swelling  around  each ;  anterior  pair  of 
legs  only  copulatory  on  seventh  segment  of  male:  9  American  genera 
with  about  50  species,  all  of  which  can  roll  themselves  together. 

Key  to  the  genera  of  Polydeamidoie  here  described: 

a,  Basal  portion  of  leg  without  spines. 
hx  Anal  segment  pointed  behind. 
Ox  Dotsal  plates  flat. 
dx  Eadi  stink  pol*e  surrounded  by  a  long,  oval  swelling;  each  segment 

with  2  or  8  transverse  rows  of  tubercles 1.  Poltdesmus 

d|  Each  stink  pore  surrounded  by  a  round  swelling ;  each  segment  with 

4  or  5  rows  of  tubercles 2.  Scytonotus 

Ct  Dorsal  plates  convex  and  smooth 3.  Leptodesmus 

ft.  Anal  iBegment  quadrate  and  smooth,  or  nearly  so 4.  Eubyubus 

Oa  Basal  portion  of  legs  with  spines 5.  Fontabia 

1.  PoLYDEsmrB  Latreille.  Male  with  30,  female  with  31  pairs  of 
legs;  each  segment  with  2  or  3  transverse  rows  of  distinct  tubercles;  each 
stink  pore  surrounded  by  an  elongated  swelling;  lateral  plates  large  and 
horizontal  in  position:  9  American  species. 

P.  serratos  Say  (P.  eanadenaia  Newport).  Body  brown,  often  red- 
dish in  color,  about  37  mm.  long;  each  dorsal  plate  with  2  rows  of  4 
rectangular  tubercles  in  each;  terminal  spine  of  male  copulatory  ap- 
pendage hook-shaped:  common  in  the  eastern  and  central  states. 

•  See  "A  ReviRion  of  the  Lysiopetalldae/'  by  A.  S.  Packard,  Proc.  Am.  PhiL  Soc.« 
Vol.  21,  p.  177. 
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maniliarU 

(Wood). 


P.  moniliiris  Eoeh  (P.  serratua  Wood)  (Fig.  731).  Body  deep 
brown,  about  20  mm.  long;  eacb  dorsal  plate  with  3  rows  of  rectangular 
tnberoles;  tenninal  spine  of  male  eopulatory  leg  doable:  eastern  states. 

2.  SoTTOHOTUl  Koch.  Each  segment  with  4  or  5  rows 
of  tubercles;  each  stink  pore  surrounded  by  a  round 
swelling:  3  American  species. 

8.  grannlatus  (Say).  Body  brown,  about  12  mm. 
long;  lateral  plates  not  large:  eastern  and  central  states; 
common. 

8.  IiEPTODsanni  Saussure,  Dorsal  plates  without 
tubercles  and  more  or  less  convex,  the  body  being  rather 
narrow:  8  American  species. 

L.  Idspidipet  (Wood).  Color  dark  olive  brown,  some- 
times with  yellowish  spots  and  a  mid-dorsal  black  line; 
legs  roughened,  with  closely  set,  stiff  hairs;  genital  ap- 
pendages of  male  short  and  thick,  with  a  curved,  hairy 
terminal  spine:  central  states,  being  abundant  towards 
the  south. 

4.  EvBTintirB  Koch.  Dorsal  plates  smooth  or  with  indistinct  tuber- 
cles; anal  segment  quadrate  and  not  sharp  behind:  2  American  species. 

E.  erythropygns  Brandt  (Fig.  782).  Body  28  mm.  long  and  3.5 
mm.  wide,  olive  chestnut  in  color,  with  a  median  and  a  pair  of  lateral 
orange  spots  on  each  segment;  terminal  spine  of 
male  eopulatory  appendage  curved,  and  forked  at 
the  end:  common  in  the  central  states. 

5.  FovTAKZA  Gray.  Basal  portion  of  the  legs 
with  spines ;  dorsal  plates  convex,  with  large  lateral 
plates:  20  American!  species. 

F.  virginiensis  (Drury)  (Fig.  733).  Body  chest- 
nut in  color  with  lateral  plates  of  yellow;  lateral 
plates  rounded  in  front,  acute  behind;  terminal 
spine  of  male  eopulatory  appendage  curved  and 
forked  at  the  end  and  with  a  bristle  springing  from 
it:  common  in  the  central  states. 

F.  coriaoea  Koch.  Body  dark  chestnut  with  a  yellowish  border  on 
each  side;  lateral  plates  very  broad;  terminal  spine  of  male  copulatoiy 
appendage  large  and  with  a  corkscrew  twist:  often  common  in  the 
central  states. 


ng.  732     Fig.  738 

Fig.  732 — l^tiryiirM 

eryihropygus 

(Wood). 

Fig.  733 — Fontaria 

(wood). 


Paiolt  6.    POLYXENIDAE. 


Body  minute,  short,  broad,  with  a  soft  integument,  and  a  bunch  of 
hairs  on  each  side  segment ;  the  mandibles  are  entirely  within  the  mouth 
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and  the  maxillae  are  leg-like;  body  with  11  segments  with  13  pairs  of 
legs;  eyes  present;  no  stink  glands;  no  eopulatory  feet  in  the  male; 
anus  in  penultimate  segment:  1  genus. 

POLYZEHTJB  Latreille.  With  characters  given  above:  1  species, 
which  cannot  roll  itself  together. 

P.  f ascicniatiis  Say.  Length  2.5  mm. ;  color  pale  brown ;  head  broad, 
partly  covered  with  hairs,  with  small  eyes,  and  short  thick  antennae; 
feet  white:  under  stones  and  bark;  the  southern  states;  Long  Island; 
not  common.^ 

Obdsb  2.    OHILOPODA.* 

The  centipeds  (Fig.  734).  Elongate  and  flattened  rayriapods  with 
one  pair  of  legs  on  a  segment,  Scutigera  forming  an  apparent  exception; 
number  of  leg-bearing  segments  varies  from 
15  {Lithohius,  Scutigera)  to  173  {Geophili" 
dae) ;  antennae  long  and  at  least  12- join  ted; 
2  pairs  of  maxillae  present,  the  first  pair  not 
being  united,  the  second  being  prominent 
palp-like  structures,  the  basal  parts  of  which 
are  joined  in  the  median  line;  a  paired  upper 
lip  in  front  of  the  mandibles;  legs  usually 
long,  those  of  each  pair  being  widely  sep- 
arated from  each  other  on  the  ventral  sur- 
face;  the  first  pair  modified  to  form  a  pair  ^^'eJI^^^SS^poS'cS? 
of  hook-like  jaws  called  the  maxillipeds,  .^SJid'^iikxiVjt  SSiufpU"; 
which  project  forwards  beneath  the  head  and  Jj^JJf  sonfft^ '  ^*  *"*  *®'*  ^^ 
are  prehensile  organs,  each  being  provided 

with  a  poison  gland ;  the  broad  bases  of  the  maxillipeds  are  joined  in  the 
middle  line  to  form  a  lower  lip;  tracheae  similar  to  those  of  insects, 
consisting  of  branching  and  usually  anastomosing  trunks,  the  spiracles 
being  situated  on  the  side  of  the  body  on  certain  of  the  segments;  genital 
glands  open  to  the  outside  in  the  penultimate  segment ;  the  young  animals 
possess  all  their  legs  at  birth  in  the  Geophilidae  and  Scolopendridae,  and 
7  pairs  in  the  Lithohiidae  and  Scutigeridae:  about  800  species,  which  are 
active  animab  feeding  on  live  animals  and  killing  their  prey  with  the 
poison  of  the  maxillipeds;  certain  of  the  tropical  Scolopendridae  can  inflict 
a  wound  which  is  dangerous  to  man;  4  families. 

*  See  ''The  Cbllopoda  of  CaUfornla,*'  by  R.  V.  Chamberlaio,  Pomona  Jonr.  Bnt., 
VoL  4, 1912.  "Notes  on  Geopbiloidea  from  Iowa,"  etc.,  by  same,  Canad.  Bnt.,  Vol.  44, 
1912.  'Tbe  Geopbiloidea  of  tbe  Sontbeaatern  States,"  by  same,  Bnll.  Mus.  Comp. 
Zool.,  Vol.  64,  1912.  "Tbe  Nortb  American  Cbllopods  and  Diplopods,"  by  same,  Ann. 
Bnt.  Soc  Am.,  Vol.  5, 1912. 
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Key  to  the  families  of  Chilopoda: 

Ox  Dorsal  plates  15  or  more. 
&i  Pairs  of  legs  21  or  more. 

Cj  Pairs  of  legs  31  or  more ;  no  eyes 1.  Gbophujdax 

c.  Pairs  of  legs  21  or  23 2.  Sgolopendbidas 

ha  Pairs  of  legs  15 3.  Lithobiidas 

a.  Dorsal  plates  8 ;  15  pairs  of  very  long  legs 4.  Sgutegebzdab 

Family  1.  OEOPHILIDAE. 
Body  very  long  and  slender,  with  31  to  173  segments,  each  composed 
of  2  miequal  subsegments,  with  an  equal  number  of  pairs  of  legs  and 
ventral  plates;  number  of  pairs  of  spiracles  usually  2  less  than  the  pairs 
of  legs;  antennae  14-jointed;  eyes  absent;  young  bom  with  the  full  number 
of  legs;  habits  relatively  sluggish :  about  5  American  genera  and  50  species. 

1.  Gbophzlits  Leach.  Number  of  segments  31  to  93;  first  pair  of 
maxillae  with  a  pair  of  palp-like  projections;  dorsal  plates  with  2  longi- 
tudinal grooves:  about  20  American  species. 

G.  rnbens  Say  {G,  cephcUicus  Wood).  Body  wide,  especially  the 
head,  about  45  mm.  long,  with  47  to  53  pairs  of  legs;  color  orange 
anteriorly,  dark  olive  over  a  greater  part  of  the  body,  with  a  broad, 
double,  black  median  line;  last  ventral  plate  wide;  anal  legs  hardly 
longer  than  the  others:  common  throughout  the  eastern  and  central 
states. 

G.  umbraticiiB  (McNeill).  Pairs  of  legs  49,  with  long  hairs,  the 
anal  legs  being  slender  and  but  little  modified;  color  light  orange  in 
front  and  behind  and  fuscous  between;  body  hairy  above;  length  21  mm.: 
central  states,  often  very  common. 

2.  LzHOTJBNiA  Koch.  Number  of  segments  39  to  70;  head  veiy 
small;  first  pair  of  nuixillae  without  palp-like  projections  and  with  the 
exterior  part  2- jointed ;  anal  legs  6-jointed ;  claw  of  prehensile  legs  with 
a  basal  tooth:  13  American  species. 

L.  fnlva  (Sager).  Body  smooth,  about  20  mm.  long,  tapering  ante- 
riorly, and  with  47  pairs  of  legs,  yellowish-orange  in  color;  antennae 
thread-like;  basal  joint  of  last  pair  of  legs  in  male  much  thickened: 
central  states,  often  common. 

L.  ruber  (Bollman).  Body  about  35  nun.  long  and  2  mm.  wide, 
with  67  to  73  pairs  of  legs;  color  bright  red  in  life,  yellowish  in  alcohol; 
first  pair  of  legs  shorter  than  the  second ;  last  pair  not  much  longer  than 
the  first  and  thickened:  central  states,  often  common. 

Family  2.    SCOLOPENDBIDAE. 

Body  elongate,  with  either  21  or  23  segments  and  an  equal  number 
of  pairs  of  legs  and  ventral  plates;  number  of  spiracles  9,  10,  or  11; 
antennae  with  17  to  31  joints;  eyes,  when  present,  consist  of  4  ocelli  eaeih; 
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young  bom  with  the  full  number  of  legs :  active  animals  found  chiefly  in 

the  warmer  parts  of  the  earth,  where  certain  species  attain  great  size  and 

are  dangerous  to  man,  although  it  seems  doubtful  if  tlie  bite  of  any  of 

them  is  fatal;  5  American  genera  and  about  20  species.     The  largest 

known  centiped  is  Scolopendra  gigantea  L.,  which  attains  a  length  of  27 

cm.  or  more,  and  is  found  in  the  East  Indies. 

Key  to  the  genera  of  Scolopendridae  here  described: 

o,  Pairs  of  legs  21. 

&t  Eyes  present 1.  Soolopendba 

ht  Eyes  absent. 

Oi  Anal  legs  not  thick 2.  Cbtftops 

Ca  Anal  legB  very  thick  and  short 3.  Theatops 

a.  Pairs  of  legs  23 4.  Soolofoobtptops 

1.  SOOLOPBVDBA  L.  Number  of  pairs  of 
legs  21 ;  9  pairs  of  slit-like  spiracles ;  4  ocelli  on 
each  side;  dorsal  plate  of  head  heart-shaped  and 
extending  back  over  the  first  segmental  plate: 
over  50  species,  about  10  American,  which  are 
found  principally  in  the  south. 

S.  morsitaas  L.  Body  65  mm.  and  more 
long  and  greenish  in  color;  antennae  green; 
lateral  edges  dark  green;  legs  short,  not  longer 
than  the  3  terminal  body  segments:. cosmopoli- 
tan; rather  southerly  in  America. 

S.  heros  Girard  (S.  caataniceps  Wood)  (Fig. 
735).  Body  10  cm.  long  or  more,  yellow  and 
green  in  color ;  antennae  25-jointed ;  penultimate 
joints  of  legs  armed  with  spines;  first  dorsal 
plate  with  a  ti^sverse  suture;  anal  legs  lon^, 
with  17  to  25  spines:  Mexico  and  the  southern 
states,  extending  north  to  Kentucky. 

2.  Cbtftops  Leach.  Number  of  pairs  of 
legs  21fir  pairs  of  slit-like  spiracles;  antennae 
17- jointed ;  eyes  absent ;  anal  legs  not  thickened : 
over  20  species,  1  or  2  being  American. 

0.  hyalina  Say.  Body  about  15  mm.  long, 
smooth  and  very  flat,  with  reddish-brown  head 

and  2  black  internal  longitudinal  lines:  eastern  ^ 

and  central  states,  north  to  New  Jersey  and  dm  Aeroa  (Wood). 

Indiana,  often  common. 

3.  Theatops  Newport.  Similar  to  Cryptops  but  with  the  anal  legs 
very  thick  and  short  and  with  the  last  dorsal  plate  twice  as  large  as  the 
preceding:  2  American  species. 
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T.  postica  (Say)  (Fig.  736).  Body  about  45  mm.  long,  reddish  in 
color;  anal  legs  close  together  and  pamllel,  with  the  tips  crossings  their 
basal  position  without  spines^  eastern  and  eentral  states,  north  to 
Virginia  and  Illinois^  often  very  common. 

4.  SooLOPOOBTPTOFS  Newport.  Number  of  1^:8  23; 
10  or  11  pairs  of  spiracles;  eyes  absent;  cephalic  dorsal 
plate  extends  back  over  the  first  segment,  which  has  no 
transverse  suture;  antennae  17-jointed:  4  American 
species. 

8.  seacspinosa  (Say).  Body  65  mm.  long,  reddish  in 
color;  feet  yellow;  antennae  yellow  and  hairy;  basal  por- 
tion of  anal  legs  with  2  large  spines  (inner  one  sometimes 
atrophied  in  northern  q)ecimens) ;  cephalic  plate  mar- 
ginate;  anterior  margin  of  the  lower  lip  (basal  portion 
of  maxillipeds)  nearly  straight,  not  toothed :  entire  United 
States,  often  very  common. 

Faicily  3.    LXTHOBIIDAE. 


Fig.  786 

^eatqpapi 

Moo  (wood). 
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Body  with  15  leg-bearing  segments,  of  which  9  are  large  and  6 
(segments  2,  4,  6,  9, 11,  and  13)  small,  the  anterior  segment  bearing  the 
maxillipeds  and  the  anal  segment  being  without  appendages;  with  15 
pairs  of  legs,  in  the  coxae  of  the  last  4  pairs  of 
which  are  the  openings  of  coxal  glands;  eyes  com- 
posed of  usually  many  ocelli;  maxillary  palp 
3-jointed;  young  bom  with  7  pairs  of  legs:  10 
genera,  with  about  250  species,  about  50  species 
being  American. 

LzTEOBnrs  Leach.  Spiracles  on  segments  3,  5, 
8, 10, 12,  14,  and  sometimes  also  1 ;  coxa  of  maxilli- 
I)eds  with  2  to  8  teeth  on  each  side;  antennae  with 
usually  20  to  50  joints:  over  200  species,  about  47 
American. 

L.  forflcatus  (L.)  (Fig.  737).  Body  about  28 
mm.  long,  anal  legs  10  mm.  long;  color  brownish  or 
yellowish;  antennae  half  as  long  as  the  body,  with 
33  to  43  joints;  ocelli  23  to  48  in  number;  posterior  angles  of  dorsal 
plates  9,  11,  13  elongated:  the  entire  country;  Europe;  South  America; 
often  very  common. 

L.  multidantatos  Newport  (Fig.  738).  Body  about  25  mm.;  anal 
legs  10  mm.  long;  color  brown;  antennae  short,  with  19  to  23  joints; 
ocelli  27  to  35  in  number;  posterior  angles  of  dorsal  plates  6,  7,  9, 11, 13 
elongated:  eastern  and  central  states;  common. 


Fig.  737     Fig.  788 

Fig.  737 — IAihoUu9 
Torflcatua  (Wood; . 

Flg.7SS—UthoUu9 

multidentatu9 

(Wood). 
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Fahilt  4.    SClTTIOTCBTT)AE. 

Body  relatively  ehort,  consisting  of  abont  15  segments,  the  dorsal 
surface  of  which  is  covered  by  8  large  plates;  15  ven- 
tral plates  and  15  paiis  of  very  long  lege,  the  last  pair 
being  longer  than  the  body  and  ased  as  anal  feelers; 
antennae  and  maxillary  palps  very  long;  eyes  large 
and  composite;  spiracles  a  row  of  7  mid-dorsal  slits; 
young  bom  with  7  pairs  of  legs:  13  genera  and  30 
species,  2  being  American,  which  are  fonnd  in  damp 
places  in  houses,  especially  in  cellars,  where  they  feed 
on  cockroaches  and  other  insects. 

SovnoiSA  Lamarek.    With  the  characters  above 
given. 

S.  forceps  (Raflnesqne)   (Fig.  739).    Body  abont 
25  mm.  long,  Uglit  brown  in  color,  with  3  longitudinal      ^^erajmvepi 
dark  stripes;  last  pair  of  tegs  50  mm.  long:  western 
and  central  states,  very  common  towards  the  sontb;  in  New   England 
as  far  north  as  Boston, 
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MOLLUSOA.'^ 

Bilaterally  S3niimetricaly  unsegmented  animals  in  which  the  body  is 
usually  encased  in  a  calcareous  shell,  and  is  made  up  of  four  parts,  the 

visceral  mass,  the  head,  the  mantle, 
and  the  foot  (Pig.  740). 

External  Structure.—The  vis- 
ceral mass  (1),  which  forms  the 
greater  part  of  the  body,  contains 
the  viscera,  closely  compacted  to- 
gether. At  its  anterior  end  is  the  head 
(13),  with  the  mouth  and  the  most 
important  organs  of  special  sense,  and 
from  its  dorsal  side  the  mantle  falls 
as  an  extensive  integumental  fold 
over  its  sides  and  more  or  less  com- 
pletely envelopes  it  (2),  while  from 
its  ventral  side  extends  the  foot 
(11),  a  muscular  mass  by  means  of 
which  the  animal  moves. 

In  the  pelecypods  and  scapho- 
pods  the  head  is  wanting,  the  mouth 
being  at  the  forward  end  of  the 
visceral  mass.  In  the  same  ani- 
mals also  the  mantle  is  a  double 
fold,  one  half  falling  to  the  right 
and   the  other  to  the  left  of  the 
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Fig.  740 — Diagrams  of  the  types  of 
molluscan  structure  jfHertwlg).  A,  the 
cephalopod  type ;  B,  the  gastropod  type ; 
C,  pelecypod  type.  1,  visceral  mass;  2, 
shell  and  mantle;  3,  mantle  cavity; 
4,   anus ;   5, .  siphon ;    6,   visceral   gan> 

flion ;   7,  pedal  ganglion ;  8,  arms  on 
ead ;  9,  mouth  ;  10,  cerebral  ganglion ; 
11,  foot;  12,  tentacles;  13,  head. 


*  See  "Manual  of  Conchology,'*  by  O.  W.  Tryon  and  H.  A.  Pilsbry,  Philadelphia, 
1878  to  date.  "Manual  de  Conchologie,"  etc.,  by  P.  Fischer,  Paris,  18S0-1887. 
"Structural  and  Systematic  Conchology,**  by  O.  W.  Tryon,  Jr.,  1882.  "Mollusca,** 
by  J.  S.  Klngsley,  Stand.  Nat  Hist.,  Vol.  1,  1888.  *'A  PreUmlnary  Catalogue  of  the 
Shell-bearing  Mollusks,**  etc.,  by  W.  H.  Dall,  Bull.  No.  87,  U.  S.  Nat  Mus.,  1880. 
"Mollusca,**  by  H.  Simroth,  Bronn's  Kl.  u.  Ord.,  Vol.  3,  1892  to  date.  "Mollusks," 
by  A.  H.  Cooke,  Camb.  Nat  Hist,  Vol.  3,  1895.  "Molluskan  Fauna  of  Philadelphia,** 
by  M.  Schick,  Nautilus,  Vol.  8,  p.  l^H,  1895.  "Molluscan  Fauna  of  Western  New 
York,**  by  F.  C.  Baker,  Trans.  Acad.  Sci.,  St.  Louis,  Vol.  8,  p.  71,  1898.  "West  Amer- 
ican Shells,'*  by  J.  Keep,  San  Francisco,  1904.  "MoUusca,**  by  Paul  Pelseneer  In  "A 
Treatise  on  Zoology,**  edited  by  B.  R.  Lankester,  1906.  "The  Shell-book,**  by  JuUa  E. 
Rogers,  1909.  "A  Biological  Survey  of  WooAb  Hole  and  Vicinity,*'  by  F.  B.  Sumner 
and  others,  Bull.  Bur.  FUh.,  VoL  81,  1911. 
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visceral  mags;  in  other  moUuske,  on  the  other  hand,  the  mantle  is  a 
single  fold  covering  the  visceral  mass  on  all  sides  as  a  thimble  covers 
the  finger. 

The  outer  surface  of  the  mantle  secretes  the  shell,  which  may  be 
regarded  as  the  cuticula  and  is  usually  charged  with  calcium  carbonate, 
while  the  space  between  the  mantle  and  the  visceral  mass  is  called  the 
mantle  cavit;  (3).  This  spaee  is  important  in  that  it  contains  the 
gills,  and  that  the  d^estive,  excretory,  and  reproductive  organs  usually 
empty  their  products  into  it.  A  mantle  is  wanting  in  many  mollusks, 
which  are  also  without  a  shell.  Other  mollusks  which  have  a  mantle 
may  lack  the  shell;  in  many  slugs  and  also  in  the  squids  the  shell  is 
buried  in  a  pocket  of  the  mantle  and  b  not  on  the  surface.  The  shell 
thos  takes  the  form  of  the  mantle,  and  may  be  bivalved  or  unlvalved. 


BiK.  141 — Dlsarammatlc  crom  aeclIonH  □(  gnitropodfl.  A,  a  prwobrancb  vltb 
cplpodla;  B.  itn  oitlBthobrancb  wltli  pumpuillii  (Ljiiig).  1,  sbell;  2,  TiBceral  mass; 
3,  foot;  4.  Kill  1  5,  epi podium  ;  B,  panpodlnm.  Fig.  742 — The  moatb  bdiI  pharrnz 
with  the  rB<1ulB  of  a  anall  (Lang).  1.  pbarrni;  2,  radnlB ;  3,  Jaw;  4,  mautb ; 
6,  toDgne ;  S,  opening  ol  sallvarr  glRDda ;  T,  iBsopbagnB. 

and  spiral  or  cone-shaped.  The  shell  is  usually  composed  of  three 
layers,  the  inner  mother-of-pearl  layer  which  is  secreted  by  the  general 
surface  of  the  mantle,  and  the  middle  columnar  and  outer  periostracal 
layers  which  are  secreted  by  its  lower  margin. 

The  foot  is  flat  and  used  for  creeping  by  the  chitons,  gastropods, 
and  a  few  pelecypods,  this  probably  being  its  primitive  form  and  use. 
It  may  have  a  variety  of  forms  in  other  mollusks  and  the  following 
divisions  may  in  certain  cases  be  distingubhed  in  it:  the  propodium  or 
forward  and  the  metapodium  or  hinder  portion,  the  parapodia  or  lobe- 
Uke  estenBions  of  the  sole  (Fig.  741,6),  and  the  epipodinm,  a  ridge 
along  the  side  (Fig.  741,5). 

Internal  Strvcture. — Correlated  with  the  compactness  of  the  visceral 
mass  is  the  small  extent  of  the  coelom,  which  is  usually  confined  to  the 
pericardial  spaee  and  the  cavities  of  the  gonads.  The  mouth  opens 
into  a  muscular  pharynx  (F^.  742)  in  all  mollusks  except  pelecypods, 
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which  contains  a  rasping  organ  called  the  radula:  an  cesophagiUy  a 
stomach  with  a  large  liver,  and  an  intestine  form  the  remainder  of  the 
alimentary  canal.  The  radula  (Fig.  742,2)  is  a  chitinoos  ribbon  set 
with  minute  caleareous  teeth  in  regular  longitudinal  and  transverse 
rows  which  works  over  a  muscular  tongue.  The  teeth  vary  in  number 
from  one  in  CluBtoderma  to  thousands  in  many  snails  and  are  often  of 
great  importance  in  classification,  inasmuch  as  in  each  species  they 
have  usually  a  characteristic  arrangement  and  shape.  In  each  trans- 
verse row  there  is  typically  a  single  central  tooth,  on  each  side  of 
which  are  one  or  more  laterals,  and  at  the  side  of  these,  one  or  more 
marginals  (Fig.  830).  The  respiratory  system  consists  typically  of  a 
pair  of  ctenidia,  or  comb-shaped  gills  in  the  mantle  cavity  (Fig.  821,  A). 
They  are  modified  in  various  ways  among  the  different  mollusks  and  in 
pulmonate  snails,  nudibranchs,  and  some  others,  are  wanting,  respira- 
tion being  performed  by  lungs  or  by  other  organs.  The  circulatory 
Bjrstem  consists  of  a  heart,  arteries  which  distribute  the  blood  to  lacunar 
spaces  in  the  tissues,  and  veins  which  take  it  from  these  spaces  to  the 
kidneys  and  respiratory  organs  and  thence  to  the  heart.  The  heart  con- 
sists typically  of  a  muscular  ventricle  (Fig.  821,3),  which  drives  the 
blood  through  the  arteries  (4),  and  one  or  two  pair  of  auricles  (2),  which 
receive  it  from  the  gills.  Snails  with  but  one  gill  or  lung  have  also  but 
one  auricle.  The  heart  thus  always  contains  arterial  blood.  The  ex- 
eretoiy  system  consists  typically  of  paired  sac-like  kidneys  (nephridia) 
which  open  into  the  mantle  cavity  at  their  hinder  ends  (Fig.  746,14) 
and  into  the  pericardial  space  (the  coBlom)  at  the  forward.  The  nervous 
system  contains  four  principal  pairs  of  ganglia  with  nerves  joining 
them.  These  are  the  cerebral  ganglia  (Fig.  740,  10),  just  above  the 
CBSophagus,  which  form  the  brain,  the  pedal  (7),  the  visceral  (6),  and 
the  pleural  ganglia.  The  cerebral  ganglia  are  joined  with  the  pedal  and 
visceral  ganglia  by  nerve  connectives;  in  gastropods  the  pleural  ganglia 
lie  in  the  course  of  the  cerebro-visceral  connectives;  in  pelecypods  they 
are  joined  with  the  cerebral  and  in  cephalopoda  with  the  visceral 
ganglia. 

The  most  important  special  sense  organs  consist  of  camera-obscura 
eyes  and  tentacles  usually  on  the  head,  but  in  the  pelecypods  in  the  edge 
of  the  mantle  when  present,  lithocysts  in  the  foot,  and  osphradia,  organs 
of  taste  or  smell,  near  the  base  of  the  gills. 

The  gonad  is  single  in  all  mollusks  except  the  pelecypods  and 
Solenogastres,  in  which  it  is  paired;  the  ducts  leading  from  the  gonad 
open  usually  into  the  mantle  cavity,  and  are  either  paired  or  single. 
The  sexes  are  usually  separate,  although  numerous  hermaphrodites 
(pulmonates,    opisthobranchs)    occur.      The    young    animal    in    moet 
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cases  goes  through  a  metamorphosis  after  hirth,  the  characteristic 
moUuBcan  larva  being  called  the  veliger  larva.  A  few  moUusks  are 
viviparous. 

Distribution  and  flabt^s.— The  majority  of  moUusks  are  aquatic 
animals,  most  of  them  living  in  the  sea.  Many  species  live  in  fresh 
water  and  many  have  become  terrestrial  animals,  although  the  latter 
usually  require  a  moist  environment.  The  pelecypods,  which  have  no 
radula,  feed  on  minute  organisms  suspended  in  the  water.  The  majority 
of  the  mollusks  with  a  radula  feed  on  vegetal  substances;  all  the  eepha- 
lopods,  however/  and  very  many  gastropods  are  predacious  animals  and 
a  few  of  the  latter  are  parasitic.  The  cephalopods  are  active  and  power- 
ful beasts  of  prey  and  include  among  their  number  the  largest  and  most 
highly  developed  invertebrate  animals. 

^in^ort/.— Although  mollusks  have  been  well  known  from  the  earliest 
times  on  account  of  their  conspicuous  shells,  it  was  not  until  the  time  of 
Cuvier  that  the  foundation  of  the  modem  classification  was  laid.  Guided 
by  his  own  extensive  anatomical  studies  and  those  of  Poll  and  other  con- 
temporaries, Cuvier,  in  1795,  subdivided  the  class  into  the  three  orders  of 
Cephalopoda,  Gasteropoda^  and  Acephala,  which  is  the  foundation  of  their 
modem  arrangement.  Linnfeus  had  made  the  mollusks  one  of  his  four 
subdivisions  of  Vermes,  including  among  them  only  the  slugs,  squids,  octo- 
pods,  and  other  soft,  shell-less  animals.  The  shell-bearing  mollusks  he 
included  in  the  class  Testacea,  which  he  subdivided  into  Bivalvia,  Univcilvia, 
and  Multivalvia, 

The  first  students  of  mollusks  in  America,  as  elsewhere,  were  the  col- 
lectors of  shells.  The  first  scientific  descriptions  of  importance  were  pub- 
lished by  Thomas  Say  in  1817,  who  between  that  date  and  1834,  when  he 
died,  described  a  large  number  of  species.  C.  S.  Rafinesque,  during  almost 
the  same  period,  also  described  large  numbers  of  species,  especially  of 
fresh-water  and  land  mollusks.  It  was  by  these  two  men  and  certain  of  their 
contemporaries  and  immediate  followers,  notably  T.  A.  Conrad  and  Isaac 
Lea,  that  the  foundations  of  the  present  knowledge  of  American  mollusks 
were  laid.  Of  the  many  students  of  mollusks  of  the  middle  of  the  century 
Gh)uld,  Stimpson,  and  A.  and  W.  G.  Binney  are  especially  to  be  mentioned. 
Of  late  years  especially  noteworthy  is  the  publication  by  the  Academy 
of  Natural  Sciences  in  Philadelphia  of  the  Manual  of  Conchology,  a 
monographic  work  in  many  volumes  which  will  cover  the  entire  field.  It 
was  begun  in  1878  by  G.  W.  Tryon  and  is  being  continued  l)y  H.  A. 
Pilsbry. 

The  phylum  MoUusca  contains  over  60,000  living  species  and  a  very 
large  number  of  fossil  ones,  it  being  the  largest  phylum  of  animals  except 
the  Arthropoda:  they  are  grouped  in  5  classes. 
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Key  to  the  classes  of  MoUusca: 

Ox  No  distinct  head  present, 
bt  Shell  when  present  not  bivalve. 

Oi  Body  either  naked  or  with  shell  consisting  of  8  plates 1.  AicFHiNEUKa  "" 

c.  Cylindrical  shell  present «^.  • r.  .2.  Scaphofoda  ^ 

5,  Bivalve  shell  present (^  Pbxectpoda  - 

o.  Distinct  head  present.  j/'^'\ 

&t  Head  with  1  or  2  pairs  of  tentacles;  shell  coiled  or  conicyi^g/OASTBOFODA  ^ 
&a  Head  with  long  arms /^EjCefhalopoda. '- 


Class  1.    AMPHINEUAA.* 

Bilaterally  symmetrical  mollusks,  worm-like  in  appearance  and  with 
usually  an  inconspicuous  head.  The  mouth  is  at  the  forward  and  the  anus 
at  the  hinder  end  of  the  body,  bnd  on  either  side  are  the  gills  and  the 
nephridial  pores.  The  mantle  is  not  extensively  developed  but  consists 
of  a  slight  fold  extending  from  the  sides  and  the  hinder  end  of  the  body, 
enclosing  a  narrow  mantle  cavity  (Fig.  746,  5).  The  integument  of  the 
back  is  thick  and  contains  calcareous  spicules  or  is  covered  with  scale- 
like plates.  A  radula  is  usually  present.  The  nervous  ^stem  (Fig.  745) 
is  very  primitive  in  form,  consisting  of  an  odsophageal  ring  and  four 
longitudinal  nerves,  two  pedal,  which  innervate  the  foot,  and  two  pallial, 
which  pass  along  the  mantle  furrow;  these  may  or  may  not  contain 
definite  ganglia. 

History.— The  class  Amphineura  was  formed  in  1877  by  von  Ihering, 
who  maintained,  as  Huxley  and  Leuckart  had  already  done,  that  Chiton 
was  related  to  Chcetoderma,  which,  until  then,  had  been  placed  among  the 
Gephyrea,  and  to  Neomenia,  whose  position  in  the  system  had  been  very 
uncertain,  but  he  placed  the  new  class  among  the  worms.  Chiton  was  first 
studied  by  Cuvier,  although  it  had  been  long  known,  who  placed  it  beside 
Patella  among  the  Prosobranchiata,  where  it  remained  almost  down  to  the 
present  day.  Oegenbaur  in  1878  erected  the  group  Solenogastres,  which  he 
placed  among  the  worms.  In  1881  Spengel  brought  the  Amphineura  of 
von  Ihering  among  the  MoUusca,  where  they  have  since  remained  as  their 
most  primitive  representatives.  The  modem  arrangement  of  the  group 
is  due  lai^ly  to  Pilsbiy  and  Simroth. 

The  Amphineura  are  all  marine,  living  in  most  cases  on  the  bottom, 
near  the  shore,  or  in  moderate  depths.  The  class  contains  two  orders, 
with  about  630  species. 

Key  to  the  orders  of  Amphineura: 

Oi  No  shell  present 1.  Aflaoophoba  - 

0,  Shell  present 2.  Poltflaoophoba 

•  *'Afflphlneiirs/'  by  H.  Slmrotb,  Bronn*s  Klass.  n.  Ord.,  Vol.  3,  1902. 
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Obdeb  1.    APLAOOPHORA.*    (Solbnogastbes.) 

Body  worm-like,  being  more  or  less  cylindrical  and  usually  elongate, 
and  without  a  shell.  The  exceptionally  thick  cuticula  contains  calcareous 
spicules  which  sometimes  project  above  the  surface  and  represent  the  shell 
of  the  higher  moUusks.  On  the  ventral  surface,  except  in  ChtBtoderma,  is 
a  median  longitudinal  groove  representing  a  rudimentary  mantle  cavity, 
the  two  sides  of  which  are  formed  by  the  mantle-folds.  Within  this  groove 
lies  a  ciliated  ridge  which  represents  the  rudimentary  foot.  At  the  hmder 
end  of  the  body  this  groove  widens  to  form  the  doacal  cavity,  in  which  are 
the  anus,  the  two  kidney  pores,  and  the  two  gills. 

The  mouth  opens  into  a  pharynx  in  which  a  radula  and  s&livaiy  glands 
are  usually  present.  The  alim^itary  tract  is  straight.  The  nervous  system 
is  more  highly  developed  than  in  Chiton,  and  has  a  distinct  brain  and 
numerous  ganglia.  The  heart  lies  in  a  large  pericardium  at  the  hinder  end 
of  the  body;  this  cavity  represents  the  coBlom  and  communicates  with  the 
cloacal  cavity  by  means  of  a  pair  of  nephridial  tubes.  The  gonads  are 
paired  and,  except  in  Cheetoderma,  hermaphroditic.  They  are  sac-like  in 
structure  and  lie  in  front  of  the  pericardium,  into  which  they  open.  Their 
products  pass  into  the  pericardium  and  through  the  nephridia  to  the  outside. 

The  Solenogastres  are  marine  animals  which  live  on  or  near  the  bottom 
in  from  20  to  1,000  fathoms,  in  various  parts  of  the  world.  Many  species 
live  on  and  among  hydroids;  others  feed  on  crustaceans  and  many  on 
plants. 

The  order  contains  2  suborders,  13  genera,  and  about  30  species. 

Key  to  the  suborders  of  Aplacophora : 

Oi  Mid-ventral  groove  present 1.  Nboheniiita 

a.  No  mid-ventral  groove 2.  Ghatodbbicatiiia 

SuBOBDEB  1.    NEOMENIINA. 

Head  and  doaea  but  little  or  not  at  all  developed;  mid- ventral 
groove  present,  at  the  forward  end  of  which  is  a  large  gland ;  gills  simple, 
sac-like  evaginations  of  the  cloaca  and  not  feathered ;  animals  hermaph- 
roditic ;  nephridia  unite  and  open  to  the  outside  through  a  single  median 
pore  beneath  the  anus;  radula  sometimes  wanting;  intestine  with  lateral 
pockets :  4  families  and  about  27  species. 

Faxxlt  1.    N£OMENin>AE. 

Body  short  and  thick,  with  both  ends  alike;  cloaca  and  mouth  ven- 
tral, the  former  with  a  row  of  short  respiratory  papillae  around  its  edge; 

*  See  "Aplacoptaora/*  by  H.  A.  Pllsbry,  Man.  of  Conch«»  Vol.  17,  1802. 
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body  covered  with  spiculeSi  also  with  papillae;  no  radula  present^  the 
pharynx  being  protrusile:  1  genus;  North  Atlantic,  Mediterranean  S^a, 
and  West  Indies. 

Neoxevia  Tullberg.     With  the  characters  of  the  family:  about 
4  species. 

N.  carinata  TulL  (Fig.  743).    Body  2  to  3  cm.  long 
and  half  as  thick ;  back  with  a  keel :  North  Atlantic 

Yig.7i^—Veo-  Family  2.    PBONEOMENIIDAE. 

menia  carinata 

(Cambridge Nat-  Body  elongate,  9  to  14  times  as  long  as  thick;  radula 

present;  body  covered  with  spicules:  4  genera. 
.   Pbovsoxehza  Hubrecht.    With  the  characters  of  the  family:   2 
species. 

P.  slniteri  Hub.    Length  10  to  14  cm. :  Arctic  seas. 

« 

Suborder  2.    CHiETODERMATINA. 

Mouth  and  cloaca  terminal;  head  end  and  hinder  end  set  off  by  con- 
strictions; body  cylindrical,  without  ventral  groove,  and  covered  with 
spicules ;  2  feathered  gills  present ;  sexes  separate :  in  the  North  Atlantic 
and  the  Pacific  Oceans,  burrowing  in  the  mud;  2  genera. 

CEiETODEBiCA  Loveu.  With  the  characters  of  the  suborder:  3 
species. 

0.  nitidnlnm  Lov.  (Fig.  744).  Length  25  mm.;  width  2  mm.:  coast 
of  Scandinavia  and  northern  America;  Gulf  of  Maine;  in  100  fathoms. 

Order  2.    POLYPLAOOPHORA.*     (Chitoks.) 

Body  from  10  mm.  to  15  cm.  in  length,  elliptical  in  shape,  convex 
dorsally  and  flattened  ventrally,  and  bearing  on  its  dorsal  surface  a  lon- 
gitudinal row  of  eight  calcareous  plates  or  valves  (Fig.  745).  These 
plates  possess  characteristic  form  and  markings  and  usually  overlap  pos- 
teriorly. They  are  composed  of  two  distinct  layers,  the  lower  layer, 
the  anterior  portion  of  which  extends  forwards  beneath  the  overlapping 
valve  in  front  of  it  and  is  called  the  articulamentum,  and  the  exposed 
layer,  which  is  the  tegmentum.  They  are  surrounded  and  kept  in  place 
by  a  muscular  integumental  fold  called  the  girdle,  the  portions  concealed 
by  the  girdle  being  called  the  insertion  plates.  In  Cryptochiton  the 
girdle  entirely  covers  the  shell,  and  in  several  other  genera  it  almost  eovers 

*  See  *'On  Certain  Limpets  and  Chitons  from  the  Deep  Waters  of  the  Eastern 
Coast  of  the  United  States/*  by  W.  H.  Dall,  Proc  U.  8.  Nat  Mus.,  Vol.  4,  p.  400. 
**Polyplacophora/'  by  H.  A.  PUsbry,  Man.  of  Conch.,  Vol.  14  and  15,  1892.  "Chitons 
Collected  by  Dr.  Harold  Heath,**  etc.,  by  H.  A.  Pllsbry,  Proc.  Acad.  Nat  Sd., 
1898,  p.  287. 
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it.  The  girdle  variee  much  in  character,  its  upper  sarface  being  either 
homy,  covered  witli  scales,  or  densely  beset  with  spines.  The  foot  is 
asnally  broad  and  flat,  and  is  both  a  creeping  surface  and  a  sucker  to 
attach  the  animal  to  the  rocks ;  in  a  few  f onus  the  foot  is  much  reduced 


L 


(1),  bnilD  (S),  pleurOTlacer&l  ner 


and  narrov,  especially  in  certain  vermiform  species.     The  mantle    (Fig. 

746)  is  a  fold  which  projects  over  the  side  of  the  foot  enclosing  a  deep  f  ur- 

irow  along  each  side  and  at  the  hinder  end  of  the  body,  which  is  the  mantle 

cavity  (5).    In  this  cavity  at  the  sides  of  the  body  are  from  6  to  80  pairs 

of  gills  (6)  and  the  genital  and  kidney 

pores,  which  are  also  paired.    The  mouth 

is  at  the  forward  and  the  anus  at  the 

binder  end.     The  head  is  rudimentary 

and  tentacles  are  absent.     Special  sense 

organs  are  poorly  developed,  the  most 

important    being    peculiar    sense    bnds 

called   Rsthetes,    which    are    present    in 

definite  groups  in  the  shelly  in  certain 

species    these    oi^ns    are    modified    to 

form  eyes. 

The  month  opens  into  the  pharynx, 
in  which  a  radnla  is  present;  a  pair  o 
salivary  glands  join  the  pharynx.  Tlie 
digestive  tract  is  made  up  of  a  short 
cEsophagns,  a  stomach  with  a  pair  of 
livers,  and  a  long  coiled  intestine.  The  nervous  system  (Fig.  745)  is  char- 
acterised by  tbe  lack  of  definite  ganglia,  except  two  small  pairs  near  the 
pharynx,  most  of  the  ganglion  cells  being  distributed  throughout  the  larger 
nerves.  The  heart  consists  of  a  tabular  ventricle  (Fig.  746, 2)  and  a  pair 
of  auricles  (3),  and  lies  in  a  pericardinm  (1),  which  represents  the  hinder 


Pte.  746 — DIaKram  of  a  < 

.  .   -^,.__    (Lang). 


.,  brancbiBi  vciu ;  u,  manue  car. 
e,  gllla;  T,  foot;  S.  pleurOTisc 
couBsctlTPa  ;  »,  brancliiBl  urterj  ; 
ccelom ;  11,  lutPstlB^-  12,  son 
13,  li,  DpphrlJlDm  ;  15.  p«dal  oi 
chotdB. 


1.  pert- 
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part  of  the  ooelom  and  oommunicates  with  the  mantle  cavity  by  means  of 
the  extensive  nephridia  (13^  14).  The  sexes  are  separate,  the  gonad  eom- 
munieating  with  the  mantle  cavity  by  a  pair  of  dncts  which  join  it  in 
front  of  the  nephridial  pores.  The  ^gs  are  sometimes  laid  in  a  common 
jelly  which  is  attached  to  the  rocks,  or  they  may  be  attached  separately 
or  in  small  groups.  Chiton  poln  retains  its  eggs  in  the  mantle  cavity  until 
they  hatch.    The  young  are  bom  as  trochophore  larvae.* 

The  Polyplacophora  are  found  in  all  parts  of  the  world,  occurring 
chiefly  in  shallow  water,  although  a  few  species  live  in  the  deep  sea. 
They  attach  themselves  to  rocks,  shells,  corals,  etc.,  feeding  on  diatoms 
and  other  plants.  In  the  West  Indies  and  other  places  they  are  an 
article  of  food,  the  foot  being  called  sea  beef.  About  600  species  are 
known,  grouped  in  3  suborders. 

Key  to  the  suborders  of  Polyplacaphora: 

Oi  TalveB  without  insertion  plates. 1.  Eofuloophosa 

Qt  All  valves  with  insertion  plates* 

6i  Margin  of  insertion  plates  not  pectinate 2.  Mbsofiacophoba 

ba  Margin  of  insertion  plates  pectinate 3.  TsuBOFULCXiPHonA 

SuBOBDSB  1.    EOPIACOPHORA. 

Valves  of  large  size,  the  anterior  and  posterior  ones  similarly  articu- 
lated; insertion  plates  absent,  except  in  certain  cases  on  the  anterior 
valve,  and  unslit:  1  family. 

Faiolt  LEPIDOPLEXTBIDAE. 

With  the  characters  of  the  suborder:  4  genera. 
Havxxtxa  Gray.   Insertion  plates  wanting  on  all  valves 
of  the  shell  but  the  anterior  one,  and  here  they  are  unslit, 
but  roughened;  girdle  with  spines:  3  species. 
^nil^  H.  mendicaria  (Mighels  and  Adams)  (Fig.  747).    SheU 

"(Ghoufd)!*      gniyish  with  a  red  margin,  elliptical;  surface  with  elevated 
dots,  without  concentric  striae;  gills  posterior,  about  15  on 
a  side;  length  27  mm.;  breadth  15  nun.:  northern  New  England,  in 
shallow  water. 

SuBOBDEB  2.    MESOPLACOPHORA. 

All  the  valves  with  insertion  plates,  either  the  first  alone  or  the  first 
7  of  which  are  slit,  and  with  smooth  or  roughened  but  not  pectinate 
margins;  eyes  absent:  4  families. 

•  Bee  "Contributions  to  the  Embryology  of  Cbiton,"  by  M,  M.  Metcalf,  Johns  Hop. 
UniT.,  Stod.  from  BioL  Lab.,  Vol.  6,  p.  249, 1893. 
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Key  to  the  families  of  Mesoplacophora  here  described: 

a.  Tegmenta  of  the  valves  fully  exposed. 

&i  Last  valve  without  a  posterior  sinn* 1.  ISCHiroOHrroNIDAK 

bf  Last  valve  with  a  poaterior  iltina 2.  Hofaliidab 

Oi  Tegmenta  more  or  leaa  reduced  or  covered  b;  the  giidle. 

3.  AOATITHOOHITOniDAE 

FAUiLr    1,    I8CHN0CHIT0NIDAE. 

Valves  of  large  size  and  exposed,  the  anterior  and  posterior  ones 
similarly  articulated ;  insertion  plates  smooth  or  neariy  so  and  slit  into 
teeth  which  project  outwards:  12  genera,  containing  some  of  the  common- 
est species  along  our  shores. 

'Key  to  the  genera  of  lachnoekitimidae  here  described : 

A,  No  radiating  ribs  «n  the  anterior  valve. 

b.  Girdle  Bmooth,  without  scales  or  hairs 2.  Tohiceixa 

&i  Girdle  Dot  smooth. 

Ci  Girdle  hairy 1.  OasrOFLEtntA 

o.  Girdle  granulated 3.  Tsaohtdikhon 

e.  Girdle  covered  with  scales 4.  IbChrocbitom 

a*  Anterior  valve  with  radiating  ribs S.  NuTZaixiNA 


1.  Okbtoilxuka  Shnttlewortb.  Umbo  of  posterior  valve  central 
or  aaterior;  girdle  leathery  and  more  or  less  hairy:  16  species, 

0.  aplcolato  (Say)  (Fig,  748).  Shell  oval,  light  buff  or  ashen,  some- 
times reddish  in  southern  specimens,  keeled,  central  areas  with  longitu- 
dinal rows  and  lateral  areas  and  end  valves  with  irregularly  scattered 
tubercles;  gills,  24  on  a  side,  extending  almost  to  anterior  end;  length 
17  mm.;  breadth  10  mm.:  Cape  Cod  to  Florida,  very  common  in  shallow 
water. 

2.  TonoXLLA  Carpenter.  Umbo  of  posterior  valve  anterior;  girdle 
leather;  and  smooth,  without  scalcB  or  hairs:  7  species. 

T.  mannorea  (Fabricius)  (Fig.  749).  Shell  oval,  buff-colored,  closely 
speckled  with  dark  red;  surface  densely,  microscopically  granulated; 
gills  20  to  25  on  a  side,  extending  three-quarters  the  length  of  the  foot; 
length  up  to  40  mm.;  breadth  24  mm.:  circnmpolar,  south  to  Massaelin- 
setts  Bay  and  to  Aleutian  Islands;  Europe. 
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T.  lineata  (Wood).  Shell  rather  low,  light  reddish  in  color;  sorfaee 
not  granulated  and  shining;  gills  as  in  jT.  marmorea;  length  37  mm.; 
breadth  20  mm.:  Pacific  coast  from  Monterey  to  Bering  Strait. 

3.  Tbaohtdxbxov  Carpenter.  Girdle  covered  with  minute  granules 
or  scales:  several  species. 

T.  albns  (L.).  Shell  elevated,  minutely  granulated,  keeled;  anterior 
valve  semicircular;  color  whitish,  sometimes  shading  into  a  light  orange 
on  each  valve;  interior  white;  length  15  mm.;  breadth  7  mm.:  cirenm- 
polar,  south  to  Cape  Cod;  Pacific  coast;  Europe;  low-water  mark  to  337 
fathoms,  often  abundant. 

T.  ruber  (L.)  (Fig.  750).  Shell  smooth,  elevated,  microscopically  retic- 
ulated, buff  in  color,  marbled  with  reddish ;  12  mm.  long  and  7.5  mm.  wide ; 
interior  bright  pink:  circumpolar,  south  to  Long  Island  Sound  and  Sitka; 
Europe;  from  low  water  mark  to  80  fathoms;  rare  south  of  Cape  Cod. 

4.  IsoKHOOHlTOV  Gray.  Girdle  covered  with  imbricating  scales: 
numerous  species. 

L  magdalenensis  (Hinds).    Shell  elongate  and  rather  narrow,  faintly 
mottled  with  olive  on  a  light  ground;  central  areas  pitted;  lateral  areas 
and  end  valves  with  radiating  lines;  length  75  mm.;  breadth 
30  mm.:  Monterey,  California,  to  Magdalena  Bay. 

5.  Nttttaxxxva  Carpenter.   Valves  exposed,  granulated, 

the  lateral  areas  having  2,  the  head  valve  numerous  low 

radiating  ribs;  girdle  varying  from  spiny  to  scaly;  umbo 

behind  the  middle:  several  species. 

NVfitaSL  ^-  caUfomica  (Nuttall)   (Fig.  751).    Shell  more  than 

^'^eep)?*       twice  as  long  as  wide,  dark  brown  in  color,  with  whitish 

streaks;   median  valves  strongly  beaked   with  a   smooth 

rounded  dorsal  ridge ;  girdle  covered  with  minute  spines ;  length  37  mm. ; 

breadth  15  mm.;  coast  of  Oregon,  Washington,  and  California. 

Family   2.    MOPALIIDAE. 
Valves  of  large  size  on  a  broad  body;  each  intermediate  valve  with 
a  single  slit;  posterior  valve  with  a  median  sinus;  insertion  plates  on  all 

the  valves;  girdle  hairy,  never  scaly;  gills  extend  the  length  of  the  foot: 
3  genera;  Pacific  Ocean. 

MoPALZA  Gray.  Valves  exposed;  insertion  plate  of  anterior  valve 
slit  into  nearly  smooth  teeth ;  insertion  plate  of  posterior  valve  with  an 
oblique  slit  on  each  side:  5  species,  all  on  Pacific  coast. 

M.  mOBCosa  (Gould).  Shell  oval,  brownish  in  color,  but  sometimes 
bright  green  or  red,  anterior  valve  having  about  10  radiating  ribs ;  length 
50  mm. ;  breadth  3.8  mm. :  coast  of  Washington,  Oregon,  and  Calif omia, 
between  tide  lines. 
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Family  3.    ACANTHOCHITIDAB. 

Shell  redaced  and  more  or  less  covered  by  the  smooth  or  hairy  (never 
scaly)  girdle:  6  genera. 

Key  to  the  genera  of  Acanthochitidae  here  described: 

Oi  Shell  not  completely  covered. 
h^  Tegmenta  bottle-shaped;  last  valve  with  a  median  sinus....!.  Kathabina 
&a  Tegmenta  heart-shaped ;  last  valve  rounded 2.  Amigula 

a.  Shell  completely  covered 3.  Cbtftoohiton 

1.  Katsabiva  Gray.  Valves  two-thirds  covered  by  the  girdle,  the 
exposed  portion  divided  into  dorsal  and  side  areas;  insertion-plates  sharp 
and  very  long,  that  of  the  head  valve  with  7  to  8  irregularly  placed  slits; 
gills  long  and  extending  the  whole  length  of  the  foot :  1  species. 

K.  tnnicata  (Wood).  Shell  dark  brown;  girdle  black,  shining  and 
leathery;  length  up  to  75  mm.;  breadth  40  mm.:  Alaska  to  Catalina 
Island,  from  low-water  line  to  20  fathoms;  eaten  by  the  Indians. 

2.  Akioitla  Gray.  Shell  with  the  valves  externally  scarcely  visible, 
the  exposed  part  being  heart-shaped  and  as  broad  as  long;  hinder  valve 
with  a  median  sinus  and  a  slit  on  each  side :  3  species. 

A.  Testita  (Sowerby)  {A.  emersoni  Couthouy)  (Fig. 
752) .  Length  50  mm. ;  breadth  35  mm. ;  color  of  shell  light 
drab;  girdle  brown,  thin,  and  smooth,  showing  the  valves 
through  it;  adults  with  scattered  tufts  of  hair:  New  Eng- 
land coast  north  of  Cape  Cod  in  5  to  30  fathoms.  Ji&wila 

3.  Cbyptochitov  Middendorff.     Valves  concealed  by       (oSSid). 
the    leathery    girdle    and    lacking    tegmenta,    their    hinder 

margins  produced  backwards  in  a  deep  lobe  on  each  side,  the  lobes  fusing 
across  the  median  line:  1  species. 

0.  stelleri  (Midd.).  Body  oblong,  brick  red  in  color;  covered  with 
minute  spines;  length  20  cm.:  Pacific  coast,  south  to  Monterey,  Califor- 
nia, just  below  low  tide;  eaten  by  the  Indians. 

Suborder  3.    TELEOPLACOPHORA. 

Shell  of  large  size;  the  anterior  valve  similar  to  the  posterior,  and 
similarly  articulated;  insertion  plates  on  all  the  valves,  finely  pectinated 
or  grooved,  blunt-edged  and  slit,  the  teeth  all  projecting  outwards:  10 
genera  and  about  80  species,  principally  in  the  Pacific. 

Obxtov  L.  Girdle  covered  with  imbricating  scales;  no  eyes  present; 
gills  extending  the  entire  length  of  tha  foot :  36  species,  principally  in 
the  West  Indies  and  the  Pacific. 

0.  tabercnlatns  L.  Shell  green  or  olive  brown  in  color,  generally 
spotted;  lateral  areas  with  5  radiating  ridges;  central  areas  with  longi- 
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tadinal  ridges;  up  to  9  cm.  long  and  55  mm.  wide;  West  Indies,  Benaodi, 
Florida,  Texas;  the  commonest  West  Indian  Chiton. 

0.  flqnunoeiu  L.  ( Fig.  745] .  Shell  greenish  in  color  and  with  median 
keel;  central  areas  of  shell  longitadinally,  lateral  areas  transverse!; 
striated;  length  8  cm.:  Bermuda  and  West  Indies;  Earope. 

Class  2.    SOAPHOPODA.* 

Bilaterally  symmetrical,  elongated  motlnsks  enclosed  in  a  tapering 
eylindrical  shell,  which  is  open  at  the  two  ends  and  slightly  arched,  the 
concave  side  representing  the  npper  or  dorsal  side  of  the  body  (Fig.  753). 
The  mantle  folds  arise  in  the  larva  from  the  dorsal 
surface  of  the  very  much  elongated  visceral  mass  and 
fuse  together  ventrally,  forming  a  cylinder  open  at 
both  ends.  From  the  anterior  and  larger  opening 
projects  the  cylindrical  foot  (7)  and  a  number  of  slen- 
der tentacles  (8).  The  mantle  cavity  is  posterior  in 
position.  The  head  is  not  developed,  the  mouth  being 
situated  at  the  extremity  of  a  cylindrical  snout  (5), 
where  it  is  usually  surrounded  by  small  leaf-like  ten- 
tacles, while  from  the  base  of  the  snout  extend  the 
long  slender  tentacles  above  mentioned.  No  ctenidia 
are  present,  the  tentacles  being  possibly  homoI<^tu 
to  them. 

The  mouth  opens  into  a  V-shaped  intestine,  in  the 

anterior  portion  of  which  is  a  jaw  and  a  radula;  the 

anus  is  in  the  numtle  cavity  at  the  base  of  the  foot 

.r  DeDtajiom     The  heart  is  rudimentary,  no  auricles  being  present 

The  nervons  system  is  well  developed,  paired  cerebral, 

■nun'"  "n!  '"month";      visceral,  pedal,  pleural,  and  buccal  ganglia  being  pres- 

e,     IDBDtle     OTltj  :  .         ,,  ■  .     ,  .     i-,i 

7,  foot;  fi.  cepbaiic     ent.    No  organs  of  special  sense  except  lithocysts  are 
found.    A  pair  of  nephridia  opens  to  the  outside  by 
two  pores  near  the  anus.    The  sexes  are  separate,  the  single  gonad  dis- 
charging its  products  through  the  r^bt  nepliridium. 

History.— The  older  authors  called  the  scaphopods  Tubulus  marimu 
or  Denticulus  elephantia,  and  placed  them  among  the  tnbicolous  annelids 
with  Serpula,  or  among  the  snails,  in  the  neighborhood  of  Patella  or  of 
VermeluB.  In  1857  Lacaze-Duthiers  placed  the  group  under  the  Acepkaia, 
maintaining  that  the  twofold  origin  of  the  mantle  showed  a  nearer  rela- 
tionship  to   bivalves   than    to   snails.     M.    Sars  and    Bronn,    however, 

*  See  "Scapboiioda,"  br  H.  Slmroth,  BronD'a  EluHen  a.  Ord.  d.  Tbler,  Yol.  3, 
1  Abt,  3U,  18»4.  "Scapbopoda,"  b;  H.  A.  PlUbr;  and  B.  Sbarp,  Man.  «f  CobcIl, 
ToL  IT,  1897. 
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retained  them  among  the  snails,  largely  because  of  the  radula  and  jaw, 
and  in  1862  the  latter  author  introduced  the  name  Scaphopoda,  but 
for  a  long  time  the  opinion  prevailed  that  the  true  position  of  the  group 
was  between  snails  and  bivalves,  and  that  they  represented  the 
common  ancestors  of  both.  At  present  the  latter  view  is  not  generally 
held,  and  the  systematic  position  of  the  Scaphopoda  is  still  in  dispute. 
There  can  be  do  doubt,  however,  that  they  are  very  primitive  moUusks 
and  so  aberrant  in  structure  that  they  should  be  placed  in  a  Class  by 
themselves. 

The  Scaphopoda  are  all  marine  animals,  living  in  clean  sand  in 
various  depths  from  shallow  water  to  2,600  fathoms;  they  are  found  in 
all  seas  except  the  polar.  About  200  species  are  known,  grouped  in  two 
families;  about  350  fossil  species  are  known. 

Key  to  the  families  of  Scaphopoda: 

Oi  Foot  trilobate 1.  DsNTALnDAE 

o«  Foot  elongate,  vermiform 2.  SiPHONODENTAUmAS 

Family  1.    BENTALIIDAE. 

Foot  with  2  lateral  epipodial  lobes,  making  it  trilobate;  oral  palps 
present;  lateral  teeth  of  the  radula  dentate;  width  of  the  median  tooth 
of  radula  double  its  height :  6  genera  and  50  species,  most  of  which  are 
found  in  deep  water. 

DsirTAumc  L.    With  the  characters  of  the  family:  9 
subgenera  and  numerous  species. 

D.  entale  L.  (Fig.  754).  Shell  not  much  curved, 
glossy  and  ivory-like,  annulated,  without  longitudinal  stri- 
ations  except  at  the  smaller  end;  50  mm.  long;  5  mm.  Bmialium 
wide :  Cape  Cod  to  the  Arctic  Ocean,  in  3  to  1,750  fathoms ;  (KingSiey) 
common;  £urope. 

D.  pretiosum  Sowerby.  Like  the  above,  but  laiger,  slenderer,  and 
whiter;  length  up  to  55  mm.;  diameter  5  mm.:  Pacific  coast  from  Sitka  to 
Lower  California. 

D.  occidentale  Stimpson  (D.  dentale  Qould).  Shell  curved  like  an 
elephant  ^s  tusk,  glossy,  yellowish- white,  with  about  20  longitudinal  stri- 
ations,  and  about  25  mm.  long  and  8  mm.  in  diameter:  New  England 
coast  north  of  Cape  Cod,  in  from  8  fathoms  to  deep  water. 

Family  2.    SIPHONODENTALnDAE. 

Foot  vermiform,  capable  of  expansion  into  a  terminal  disc;  width  of 
median  tooth  much  less  than  double  its  length:  5  genera  and  about  60 
species,  most  of  which  are  found  in  deep  water. 
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SzPHOVODSHTALnrx  Sars.  Smaller  orifice  of  shell  with  2  slight 
notches  on  each  side. 

S.  lobatum  Sowerby.  Shell  smooth,  shining,  thin;  10  mm.  long: 
Arctic  seas,  south  to  New  England;  Europe. 

Class  3.    OASTBOPODA.* 

Snails.  Asymmetrical  moUusks  with  usually  a  spirally  coiled  shell,, 
a  distinct  head,  and  a  broad,  flat  foot  (Fig.  740,  B). 

Extenuil  Structure.— The  shell  is  a  spiral  cone  (Fig.  772),  the  apex 
of  which  represents  the  dorsal  side  of  the  animal.  In  most  snails  the 
spiral  twists  to  the  right,  and  when  the  apex  is  uppermost  the  opening  or 
aperture  of  the  shell  will  be  on  the  right.  In  some,  however,  the  twist 
is  normally  to  the  left,  and  in  the  right-handed  species  occasional  indi- 
viduals are  found  which  are  left  handed.  The  axis  of  the  shell,  around 
which  whorls  are  coiled  is  called  the  columella.  When  this  axis  contains 
a  cavity  the  space  is  called  the  umbilicus :  sometimes  it  is  partially  filled 
by  a  thickening  called  the  callus.  In  certain  species,  as  the  slugs,  the 
shell  is  rudimentary  or  wanting,  and  in  a  few  forms,  as  the  limpet,  is 
conical  without  forming  a  spiral.  In  most  prosobranchs  and  some 
opisthobranchs  the  aperture  of  the  shell  is  closed  when  the  animal  is 
withdrawn  within  it  by  a  disc  called  the  operculum. 

The  head  (Fig.  771)  bears  one  or  two  pairs  of  tentacles  and  a  pair 
of  eyes;  at  its  forward  end  is  the  mouth,  which,  in  many  species,  is  con- 
tained in  a  long  proboscis.  The  foot  represents  the  ventral  side  of  the 
body,  and  is  large  and  has  usually  a  broad  sole  fitted  for  creeping  on  flat 
surfaces.  In  the  pelagic  heteropods  and  pteropods  it  is  modified  to  form 
the  fins,  and  in  certain  species  it  is  wanting.  The  foot  may  secrete  a 
great  amount  of  slime,  either  from  its  entire  surfaces  or  from  localized 
glands,  which  facilitates  locomotion. 

The  visceral  mass  makes  up  the  greater  part  of  the  spiral  body,  and 
is  covered  by  the  mantle,  which  extends  from  the  apex  to  the  foot  in  a 
single  conical  fold.  The  lower  edge  of  the  mantle  is  called  the  collar 
(Fig.  771, 7) ;  it  can,  in  many  prosobranchs  be  prolonged  to  form  a 
siphon.  The  shell  is  secreted  by  the  mantle,  and  follows  its  spiral  wind- 
ings. The  mantle  unites  with  the  visceral  mass  on  all  sides  but  one, 
where  a  space  called  the  mantle  cavity  is  left  between  them.  In  certain 
primitive  snails  this  is  posterior  in  position,  but  in  the  majority  of  them 
it  has  shifted  to  the  right  or  to  the  anterior  side  (Fig.  740,3).  In  the 
mantle  cavity  are  the  gills  or  lungs,  and  in  most  snails  the  external  open- 

*  See  "The  Mollnsca  of  tbe  Chicago  Area :  The  Gastropoda/'  by  Frank  Baker, 
Natural  History  Survey,  Ball.  Ill,  Part  II,  1902. 
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ings  of  the  digestive,  excretory,  and  genital  oi^ns.  In  some  snails, 
especially  among  the  nudibranchs,  the  mantle  is  wanting;  the  shell  is  also 
absent  in  these  animals,  and  the  gills,  when  present,  are  not  homologous 
to  the  ctenidia  of  other  moUusks,  bat  are  simple  outgprowths  of  the 
integument  of  the  back. 

Internal  iS'trucfiir^.— The  spiral  twisting  of  the  visceral  mass  of  most 
snails  has  caused  a  displacement  of  the  internal  organs  and  the  loss  of 
the  left-hand  member  of  the  primitively  paired  ones.  Thus,  but  a  single 
ctenidium,  kidney,  auricle,  and  osphradium  are  usually  present,  instead  of 
a  pair.  The  mouth  opens  into  the  pharynx  (Fig.  742),  which  contains 
the  tongue  and  the  radula.  In  the  roof  of  the  pharynx  and  opposed  to 
the  tongue  are  one  or  more  cuticular  plates  called  the  jaws,  against  whicli 
the  radula  is  rubbed  in  the  process  of  rasping.  A  pair  of  salivary 
glands  pour  their  secretion  into  the  pharynx.  The  alimentary  tract, 
which  consists  of  the  oBsophagus,  the  stomach,  and  the  intestine,  bends 
on  itself,  the  anus  being  not  far  from  the  mouth  of  the  shell. 

Three  classes  of  respiratory  oi^ans  are  found — ctenidia,  lungs,  and 
adaptive  gills.  In  most  cases  ctenidia  (Fig.  821)  are  present;  pulmo- 
nates,  both  aquatic  and  terrestrial,  breathe  by  means  of  lungs;  nudi- 
branchs  have  neither  ctenidia  nor  lungs,  but  in  their  place  adaptive  gills 
(Fig.  765),  which  are  projections  of  the  dorsal  body  wall.  A  few  nudi- 
branchs  do  not  possess  these  oigans,  but  respire  through  the  ciliated 
integument.  The  heart  bears  a  close  relation  to  the  gills.  Certain  primi- 
tive snails,  which  possess  a  pair  of  ctenidia,  have  also  two  auricles,  while 
the  majority  of  them,  having  but  a  single  ctenidium,  have  also  but  one 
auricle.  Nudibranchs  and  pulmonates  have  also  but  one  auricle.  In  the 
opisthobranchs  and  the  pulmonates  the  gills  or  lungs  are  behind,  while 
in  the  prosobranchs,  as  the  name  indicates,  they  are  in  front  of  the  heart. 

The  excretory  organs  consist  of  a  single  kidney,  which  opens  into 
the  mantle  cavity  near  the  anus;  it  also  has  a  communication  with  the 
pericardial  (ccelomic)  cavity.  Those  snails  which  have  two  ctenidia  have 
also  a  pair  of  kidneys. 

The  nervous  system  contains  the  characteristic  ganglia.  The  cere- 
bral ganglia  are  above  and  the  pedal  ganglia  below  the  OBsophagus  and 
united  by  commissures.  The  pleural  ganglia  are  usually  between  and 
joined  with  these  two.  The  visceral  ganglia  lie  below  the  intestine  and 
are  joined  with  the  pleural,  and  the  parietal  are  near  the  visceral.  In 
the  prosobranchs  and  in  Acteon,  an  opisthobranch,  and  Chilina,  a  pulmo- 
nate,  the  commissures  joining  the  visceral  with  the  pleural  ganglia  cross 
each  other  in  such  a  way  that  the  nerve  from  the  right  pleural  passes 
over  the  intestine  to  the  left  side  of  the  visceral.  Those  gastropods  in 
which  this  occurs  are  called  streptoneurous;  the  others  are  called  euthy- 
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neuxous  or  orthonenronB.  The  sensory  organs  are  a  pair  of  eyes,  one  or 
two  pairs  of  tentacles,  a  pair  of  lithoeysts  in  the  foot,  one  or  two  osphradia 
close  to  the  ctenidia,  and  the  rfainophores  of  the  opisthobranchs,  the  last  ' 
two  organs  being  olfactory  in  function.  The  osphradia  are  absent  in  moat 
snails,  whieh  lack  ctenidia,  but  not  in  all.  The  rhinophores  are  the  pos- 
terior pair  of  tentacles  of  the  opisthobranchs. 

The  single  gonad  empties  its  products  in  certain  prosobranchs 
(Patella)  through  the  kidney,  but  in  most  gastropods  through  special 
genital  ducts,  to  the  outside,  the  genital  pore  being  in  the  mantle  cavity 
in  prosobranchs  and  outside  of  it  in  opisthobranchs  and  pnlmonates. 
Most  prosobranchs  are  unisexual,  while  the  pulmonates  and  opistho- 
branchs are  hermaphroditic.  The  majority  of  snails  are  oviparous, 
and  many  of  them  lay  their  eggs  in  protective  capsules  or  a  jelly; 
a  few  are  viviparous.  Most  marine  snails  leave  the  egg  in  the  form 
of  the  veliger  larva;  land  snails  lay  eggs,  which  are  covered  with  a 
shell,  in  holes  in  the  ground  or  similar  places,  and  are  bom  with  the 
form  of  the  parent. 

Distribution  and  Habtto.— Most  gastropods  are  aquatic  animals,  and 
those  which  are  terrestrial  usually  require  a  moist  environment  A  few 
are  parasitic,  either  on  the  outer  surface  (Stilifer)  of  star-fishes  and  other 
animals  or  as  internal  parasites  (Entocancha)  in  holothurians.  Many  are 
of  use  to  man,  HeUx  pomatia,  the  imported,  so-called  French  snail  of  the 
New  York  markets,  and  many  others,  being  used  for  food.  The  sheila 
also  serve  often  for  ornaments  and  are  manufactured  into  buttons 
and  other  articles.  In  Africa  and  other  countries  unmense  quantities  of 
cowries  (Cypnea  moneta),  and  several  other  shells,  are  used  as  money. 

History.—The  class  Gastropoda  was  created  by  Cuvier  in  1796,  who 
included  under  it,  among  others,  the  orders  Nudibranckiata,  Teetibranck- 
iaia,  and  Pulmonata,  The  Pteropoda  he  created  later,  but  as  a  separate 
class  equivalent  to  the  Gastropoda.  Lamarek  in  1812  created  the  Hetero- 
poda,  and  gave  the  group  equal  rank  with  the  Gastropoda.  Ifilne- 
Edwards  in  1846-1848  created  the  orders  Opisthohranchiata  and  Proso- 
branchiata.  The  Pteropoda  were  believed  by  Leuckart  to  be  the  ancestors 
of  the  Cephalopoda,  the  arms  of  which  he  supposed  to  have  come  from 
pteropod  fins,  and  Lankester  has  classified  them  under  the  Cephalopoda. 
They  were,  however,  universally  placed  in  a  class  by  themselves  untfl 
Pelseneer,  in  1888,  showed  their  aflSnities  to  the  OpisthobranchiakL  The 
same  author  has  also  utilized  the  condition  of  the  pleurovisceral  connectives 
in  classification,  dividing  the  Gastropoda  into  two  groups,  the  Euthyneura, 
with  the  Opisthobranchiata  and  PulmonaUi,  and  the  Streptoneura,  with 
the  Prosobranchiata,  a  proceeding  which  has  been  adopted  in  some  text- 
books.    The  class  contains  49,000  species,  grouped  in  3  orders. 
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Key  to  the  orders  of  Gastropoda: 

€it  Land  and  fresh-water  snails;  lungs,  and  not  gills,  present;  no  oper- 

calam 2.  Pulmonata 

o.  Mostly  aquatic  snails  with  either  ctenidia  or  adaptive  gills. 
hx  Ctenidia  posterior  in  position  or  adaptive  gills  present;  shells  small 

or  wapting ;  all  marine 1.  Ofisthobranchiata 

5s  Ctenidia  at  forward  end  of  body ;  shell  well  developed ;  opercnlnm  asn- 

ally  present ;  mostly  marine 3.  Pbobobkanchiata 

Order  1.    0PI8TH0BRAK0HIATA.* 

Sea  slugs.  Marine  snails,  in  which  the  mantle  and  shell  are  either 
entirely  wanting,  or  when  present  are  usually  small.  The  body  is  aeym- 
metrical,  the  kidney  and  genital  pores  and  usually  the  anus  being  on  the 
right  side;  in  certain  nudibranchs  the  anus  is  (secondarily)  median  and 
posterior  in  position.  The  shell,  when  present,  is  usually  a  spiral.  In  the 
nudibranchs  the  ctenidia  and  osphradia  are  absent,  respiration  being 
effected  either  by  the  general  surface  of  the  body  or  by  so-called  adapt- 
ive gills,  which  are  projections  of  the  dorsal  body  wall  (Fig.  765).  The 
foot  has  usually  a  broad  sole,  but  in  the  pteropods  is  highly  modified,  the 
epipodia  alone  being  well  developed,  forming  a  pair  of  fins,  by  means  of 
which  the  animal  swims  (Fig.  759).  In  many  others  also  the  epipodia 
form  extensive  folds  which  cover  the  back  or  are  used  in  many  cases  in 
swimming  (Fig.  769). 

The  nervous  system  is  compact,  the  ganglia  being  usually  nsar 
together  just  behind  the  pharynx;  the  pleurovisceral  connectives  are  not 
crossed  except  in  Acteon,  Two  pairs  of  tentacles  are  present,  the  anterior 
pair  being  sometimes  absent,  the  posterior  pair  (rhinophores)  having 
often  a  lamellar  structure.  The  eyes  are  at  the  base  of  these  posterior 
tentacles.  The  radula  contains  numerous  teeth,  and  the  jaw  is  composed 
usually  of  two  pieces.  The  animals  are  hermaphroditic,  the  common 
gonad  being  protandric ;  in  the  lower  opisthobranchs  it  is  joined  with  the 
genital  pore  by  a  single  duct,  but  in  the  higher  ones  a  distinct  oviduct 
and  vas  deferens  are  present.  The  auricle  lies  back  of  the  ventricle  and 
receives  blood  from  the  gills,  which  are  also  mostly  posterior  in  position. 

The  opisthobranchs  are  mostly  littoral  animals  living  under  stones 
or  among  seaweed,  and  feeding  principally  on  animal  food,  and  many  are 
brightly  colored.  The  pteropods  as  well  as  representatives  of  several 
other  groups  are  pelagic.  The  order  contains  over  2,300  species,  grouped 
in  2  suborders. 

Key  to  the  suborders  of  Opisthohranchiata: 

0}  Shell  usually  present ;  gill  in  the  mantle  cavity 1.  Teotibranohiata 

0.  Shell  and  mantle  absent;  adaptive  gills  on  the  back 2.  Nxtdibranohiata 

•  See  "Manual  of  Concbology/'  Vol.  15  and  16,  by  H.  A.  Pllsbry,  1898-1S96. 
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Suborder  L    TECTIBRANCHIATA« 

Shell  and  mantle  usually  present;  ctenidium  usually  present  and  on 
the  right  ^de  (Fig.  760, 1) :  about  1,400  species,  grouped  in  3  divisions 
and  25  families. 

Key  to  the  divisions  of  Tectibranckiaia  here  described: 

Ox  With  well-developed  shell,  sometimes  internal 1.  Buixoibea 

Ot  Shell  reduced  or  absent 2. 


Division  1.    BULLOIDEA. 

Shell  either  external  or  internal  and  well  developed;  head  with  a 
broad  dorsal  disc,  under  which  the  tentacles,  when  present,  are  con- 
cealed; epipodia  usually  present:  15  families. 

Key  to  the  families  of  Bulloidea  here  described : 

Oi  Animals  not  pelagic ;  no  swimming  fins. 

hi  Shell  external,  with  a  prominent  spire 1.  AcTBOinDAX 

ht  Spire  very  low  or  sunken. 
Ci  Shell  external. 

di  Radula  absent 2.  Tornatinidak 

dt  Radula  present. 

6|  Cephalic  disc  not  bifurcate 3.  Sgaphandbidak 

e^  Cephalic  disc  bifurcate 4.  Akbsidae 

Ca  Shell  internal 5.  Phujiodak 

Oa  Animals  pelagic,  with  large  swimming  fins  (pteropods). 

bi  Shell  spiral,  sinistral 6.  Limacinidab 

&j  Shell  symmetrical  and  not  spiral 7.  Cavoliniidae 

Familt  1.    ACTEONIDAE. 

Shell  external,  with  a  prominent  spire;  epipodia  absent,  cephalic 
disc  divided  behind ;  operculum  homy ;  pleurovisceral  nerve  connectives 
streptoneurous :  7  genera,  mostly  in  warmer  seas. 

AoTEOV  Montfort.    Shell  solid,  ovate;  aperture  nar- 
row and  one-half  the  length  of  the  shell :  35  species. 

A.  pnnctostriatiu  (Adams)  (Fig.  755).    Shell  conical, 

with   2  or  3   color  bands;  aperture   long  and   narrow; 

p.   ~  .  inner  lip  with  a  strong  tortuous  fold ;   animal  white ; 

^t^SJLSSJ^      length    6    mm.:    Cape    Cod    to    Florida,    in    2    to    W 
(VerriU).  fathoms. 

FAMttY  2.    TOBNATINIDAE. 

Small  external,  more  or  less  cylindrical,  with  the  spire  sunken  or 
short  and  elevated;  head  triangular  or  quadrangular;  tentacles  broad, 
united  at  the  base;  eyes  distinct;  radula  and  epipodia  absent:  3  genera 
and  120  species. 

1.  RZTVBA  Brown.  Shell  with  a  slightly  raised  or  flat  spire;  aper- 
ture nearly  as  long  as  shell,  narrow  above  and  dilated  below:  50  species. 
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R.  gonldi  (Couthouy)  (Fig.  756).  Shell  white  and  shining,  with  a 
yellow  periostracum ;  spire  conical;  7.5  nun.  long;  2.5  mm.  wide:  Maine 
to  Cape  Hatteras. 

2.  TosvATiHA  Adams.  Shell  with  an  elevated  apex;  inner  lip  with 
fold;  suture  channeled:  50  species. 

T.  canalicnlata  (Say).  Shell  with  a  low  spire,  pol- 
ished, with  a  channeled  suture,  white  without  spots;  length 
5  mm. ;  width  2.5  mm. :  Atlantic  coast  south  of  Cape  Cod, 
in  shallow  water. 


Faiolt  3.    SCAPHANDBIDAE. 


KetuBa  gouidi 
(DaU). 


Shell  external,  ovate,  spire  sunken ;  aperture  narrowed 
above;   inner  lip  spirally  convoluted;   outer  lip  acute; 
head  broad  and  short;  epipodia  usually  well  developed;  head  quadran- 
gular, with  eyes  at  base  of  tentacular  lobes:  6  genera. 

1.  DzAFEAVA  Brown.  Shell  thin  and  transparent;  both  inner  and 
outer  lips  sinuous;  epipodia  wanting:  species  few. 

D.  debilis  (Gould).  Shell  small,  greenish-white,  with  4  whorls,  all 
rising  to  the  same  height,  partially  umbilicated;  3.5  mm.  long;  2.5  mm. 
wide:  Atlantic  coast  south  to  New  Jersey,  in  6  to  50  fathoms;  Europe. 

2.  Otliohvella  Gabb.    Tentacle  lobes  united  and  indistinct,  with 

eyes  on  their  front  base;  shell  solid,  without  spire: 
^Q.  40  species,  mostly  in  deep  water. 

F\      Bjl  0.  orysa   (Totten)    (Fig.  757).      Shell  white, 

^m)      ^hJ        ovate;   length  7  mm.;  width  2.5  mm.:   Maine  to 
^^       „  Connecticut. 

Fig.  757     Fig.  75S 


Fig.   IZl—Cylichnel- 

la  oryza  (Verrill). 

Fig.  758— ffominea 

soHtaria  (Dall). 


Faicilt  4.    AEEBIDAE. 


Shell    external,    fragile,    light-colored,    usually 
covered  by  the  large  epipodia,  cylindrical  or  ovate, 
with  a  very  small  sunken  spire  and  a  large  aperture  with  a  sharp  outer 
lip:  5  genera  and  70  species. 

Hamikea  Leach.     Shell  unicolored,  green,  or  yellow,  thin  and  homy. 
H.  solitaria  (Say)  (Fig.  758).    Shell  ovate,  9  mm.  long  and  6  mm. 
wide,  shining,  with  deep,  microscopic,  impressed  lines :  common  along  the 
Atlantic  coast  from  Massachusetts  Bay  to  South  Carolina. 


Family  5.    PHILINIDAE. 

Shell  internal,  sometimes  absent,  convex,  with  a  large  aperture; 
epipodia  large  and  fleshy,  folded  over  the  back ;  head  without  tentacular 
processes ;  4  genera.. 
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Aflcanias.  Shell  with  a  mdimentaiy  spire,  white,  translu- 
cent, oval;  animals  slug^like;  radula  with  no  central  teeth;  foot  about 
two-thirds  the  length  of  the  body  and  obliquely  truncated :  20  species. 

P.  qnadrata  (Wood).  Shell  5  mm.  long,  3.5  mm.  wide,  with  2  to  3 
whorls,  squarely  globose:  New  England  north  of  Cape  Cod,  in  rather 
deep  water;  Europe. 

P.  lima  (Brown).  Shell  with  3  to  4  whorls,  elongate,  broadest  ante- 
riorly, 3.5  mm.  long,  2  mm.  wide,  reddish  in  color:  New  England  north 
of  Gape  Cod;  Europe. 

Familt  6.    LOCACINIDAE.     (Ptbbopoda  Theoosomata.) 

Shell  and  mantle  present;  shell  snail-like,  minute,  with  a  left-handed 
spiral  and  an  operculum;  ctenidium  and  eyes  absent;  1  pair  of  tentacles; 
mantle  cavity,  with  anus  and  other  openings  on  right  side;  2  laige  fins 
present,  these  being  the  epipodia,  which  have  extended  around  the  dorsal 
side  of  the  head :  2  genera  and  about  19  species,  which  are  pelagic,  prin- 
cipally in  the  northern  seas. 


Fi«.  760  FIs.  7e0  Fls.  761 

ns.  759 — Limacina  atctioa  (Leanis).   Fig.  760 — OavoUnia  frfopinofa  (Dall).   1,  gUU 

Fig.  761-HCre«0fo  oonioa  (DaU). 

LzKAOZVA  Cuvier.  Shell  transparent,  with  a  low  spiral  and  a  wide 
umbilicus:  several  species  in  the  Arctic  and  Antarctic  seas,  which  form 
an  important  food  of  whales. 

L.  arctica  (Fabricius)  (Fig.  759).  Whorls  of  shell  6;  spire  low; 
umbilicuB  wide ;  width  4  mm. :  Arctic  seas,  south  to  New  Jersey. 

Faicilt  7.    OAVOLINIIDAE.    (Ptssopoda  Thxcoboicata.) 

Shell  and  mantle  present;  shell  not  spiral,  but  symmetrical,  straight 
or  curved,  without  operculum;  ctenidium  and  eyes  absent;  1  pair  of  ten- 
tacles; mantle  cavity  ventral;  2  large  fins  present  as  in  previous  family: 
about  50  species,  all  of  which  are  pelagic. 

1.  Oayolzvia  Abildgaard  {HyaUa  Lamarck).  Shell  globular,  with 
3  long  sharp  spines  posteriorly;  aperture  contracted  with  a  slit  on  each 
side,  through  which  long  appendages  of  the  mantle  pass:  10  species. 

0.  trispinosa  (Lesueur)  (Fig.  760).  Length  10  mm.;  median  spine 
as  long  as  the  body;  lateral  spines  only  a  third  as  long:  Atlantic>  coast 
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2.  Obxseis  Rang.  Shell  conical,  slender,  pointed,  straight  or 
slightly  curved :  6  species. 

0.  conica  Eschscholtz  (Fig.  761).  Length  12  mm.;  diameter  2  mm.: 
Atlantic  coast. 

Division  2.    APLY8I0IDEA. 

Shell  reduced  or  absent ;  head  without  cephalic  disc  and  with  2  pairs 
of  tentacles;  epipodia  present,  which  arise  from  the  sides  of  the  body 
and  not  the  foot;  osphradium  present:  6  families,  all  but  the  Aplysiidae 
being  Pteropoda  Gymnoaomata,  or  shell-less  pteropods. 

Key  to  the  families  of  Aplysioidea  here  described : 

Oi  Shell  present ;  animals  live  on  seaweed 1.  Aplysiidae 

Oa  Shell  absent ;  animals  pehigic  (pteropods) 2.  Guonidax 

Family  1.    APLYSIIDAE. 

Sea  hares.  Body  large;  shell  rudimentary  and  internal;  animal 
slug-like,  with  the  anterior  angles  of  the  head  extended  into  2  large 
tentacular  folds,  behind  which  are  a  pair  of  eyes  and  behind  these  the 
rhinophores;  epipodia,  which  are  large  lobes,  turn  up  over  the  back: 
7  genera  and  numerous  species ;•  cosmopolitan;  mostly  large,  brightly 
colored  slugs,  which  secrete  a  reddish  fluid  from  the  mantle  wrongly 
supposed  by  many  to  be  poisonous. 

Afltbia  L.  Animal  swollen  behind,  with  a  long  neck  and  head; 
shell  flexible;  epipodia  mobile  and  used  for  swimming:  50  species. 

A.  protea  Rang.  Length  16  cm.;  color  variable,  yellow  or  green, 
with  ring-shaped  spots  of  black,  red,  and  green:  common  in  the  West 
Indies,  also  on  the  Florida  coast. 

A  calif omlca  Cooper.  Length  up  to  37  cm.;  color 
gray  or  greenish,  purple  on  the  sides,  covered  with  brown 
lines  and  blotches;  epipodia  behind  the  middle:  Monterey 
to  San  Pedro. 


Family  2.    GLIONIDAE.    (Pteropoda  Gymnosomata.) 

Shell  and  mantle  absent;  body  fusiform;  head  dis- 
tinct, with  2  pairs  of  tentacles,  the  hinder  of  which  bears 
eyes;  foot  represented  by  a  pair  of  fins  which  spring  from         ^fione 
the  base  of  the  neck;  between  the  base  of  the  fins  the         (Qoulfd^ 
rudiment  of  the  median  portion  of  the  foot;  gill  absent; 
proboscis  generally  with  suckers  or  with  lateral  lobes  which  bear  suckers : 
14  genera;  pelagic. 

Oljovs  Pallas.    With  the  characters  of  the  family:  10  species. 

0.  Hmadna  (Phipps)  (Fig.  762).    Body  tapering  to  a  point  behind, 
35  mm.  long,  pale  blue  in  color  and  hyaline;  fins  triangular:  Arctic 
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Ocean,  sonth  to  New  Tork;  it  swims  about  near  the  surface  in  immense 
schools,  sometimes  coloring  the  sea  for  miles,  and  forms  an  important 
source  of  food  of  whales. 

SuBOBDKB  2.    NUDIBRANCHIATA* 

Sea  slugs.  Shell,  ctenidium,  and  osphradium  absent,  but  a  eoiled 
shell  is  present  in  the  embryo;  respiration  either  through  the  int^n- 
ment,  no  gills  being  present,  or  by  means  of  adaptive  gills;  these  sur- 
round the  anus  when  it  is  median  and  dorsal  in  position,  or  form  longi- 
tudinal or  transverse  rows;  in  the  latter  case  they  are  called  eerata 
and  usually  contain  hollow  extensions  of  the  liver  and  also  nematocysts, 
which,  however,  are  derived  from  ingested  hydroids ;  2  pairs  of  tentacles 
present :  about  1,000  species,  grouped  in  4  divisions  and  19  families. 

Key  to  the  divisions  of  Nudihranchiata: 

Ot  Cerata  usaally  present ;  anus  lateral. 

5i  Cerata  branched  or  foliaceous,  in  2  rows 1.  TuTOiaoiDEA 

&j  Cerata  simple  or  absent. 

Oi  Jaws  present ;  several  rows  of  cerata  on  each  side 3.  JEoumaimA. 

C|  Jaws  absent ;  cerata  usually  absent 4.  VjLYBiowrk 

a.  Anus  median  and  posterior,  sarrounded  by  a  circle  of  adaptive  gills. 

2.   DOBIDIOIDBA. 

DivisiOK  1.    TBITONIOIDEA. 

Two  longitudinal  rows  of  branched  cerata  usually  present,  into 
which  the  liver  usually  does  not  extend,  and  without  nematocysts;  anus 
on  right  side:  7  familits. 

Key  to  the  families  of  Tritonioidea  here  described : 

Oi  Two  pairs  of  cerata * 1.  Sctlukedab 

a.  More  than  2  pairs  of  cerata 2.  Dendborohdak 

Family  1.    SCYLIlSIDAE. 

Body  elongate,  with  a  narrow  foot;  anterior  tentacles  absent;  2 
pairs  of  branched,  foliaceous  cerata;  male  and  female  openings  con- 
tiguous: 1  genus. 

BoYLLMA  L.  Body  narrow  and  compressed^  oral  tentacles  want- 
ing; rhinophores  retractile:  8  species. 

8.  pelaglca  L.  (S.  edwardsi  Verrill) .    Cerata  spatulate,  bearing  small 

tufted  projections  on  the  inner  surface,  similar  projections  being  on 

the  back;   foot  very  narrow;   color  brownish   or  orange,  irregularly 

spotted;   length  75  mm.;  width  12  mm.:  pelagic,  living  on  floating 

seaweed. 

Family  2.    DENDBONOTIDAE. 

Body  elongate;  tentacles  laminated  and  branched,  forming  fringed 
frontal  appendages;  2  rows  of  branched  cerata  on  the  back  into  which 
the  liver  extends:  4  genera. 
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DnsmoKom  Aider  and  Hancock.  With  the  characters  of  the  family. 

D.  uborescene  (O.  F.  Miiller)  (Pig.  763).  Color  pale  or  red  with 
brownish  or  whitish 
spots ;  cerata  trans- 
parent, 5 '  to  7  OD  a 
side;  length  8  em. :  on 
rocks  and  seaweed; 
circompolar,  south  to 
Bhode  Island ;  com-  ^ 
tnon    in     Casco    Bay;  Fig.  Tes — Dendroadiw  arbomcnu  (Ooold). 


Division  2. 

Anns  median  and  posterior  and  surronnded  by  a  circle  of  adaptive 
gills  into  which  the  liver  does  not  extend :  5  families. 

Key  to  the  families  of  Oondioidea  here  described : 

a,  MaDtle  with  lateral  tubercles  or  appendages 1.  PoLTcmoAB 

o.  No  lateral  tubercles  or  appeodaKes 2.  Doamnux 

Familt  1.    POLYCEBIDAE. 
Body  elongate,  with  a  marginal  ridge  on  each  side  bearing  tubercles 
or  appendages;  integument  with  spicules;  rhinophores  not  retractile  and 
asnally  lamellate;  gills  non-retractile  and  with  lateral  projections;  about 
8  genera. 

Key  to  the  genera  of  Polyceridae  here  described: 

a,  Marginal  ridge  with  short  tuberclea  of  nearl;  equal  lengtb 1.  POLTCnu 

«,  Marginal  ridge  wjtb  long  appendaiceB,  some  at  base  of  rhinophores. 

2.  Anoiila 

1.  POLTOUA  Cnvier.  Body  limaciform;  mantle  indistinct,  forming 
a  projecting  frontal  velum  and  a  tnberculated  ridge  along  each  side: 
11  species. 

P.  lessoni  D'Orbigny.  Lei^h  30  mm.;  color  greenish;  about  6 
long,  finger-like  tubercles  on  a  side,  tipped  with  yellow;  a  median  row 
of  tubercles  also  present;  head  with  6  projecting  points  on  each  side: 
Long  Island  Sound  and  northwards;  Europe;  common  in  Casco  Bay 
from  low  water  to  20  fathoms. 

2.  AstSJTLM.    Lov£n.      Body    limaciform    and 

smooth;  head  bearing  tentacular  projections  at  the 

base  of  the  rhinophores  as  well  as  one  at  side  in 

•SlphJreolfloul'a!  front,  and.  also  several  surrounding  the  gills:  3 

species. 

A,  Bulphnrea  Stimpson    (Fig.  7S4).     Body  slender,  30  mm.  long, 

light  brownish  and  transparent;  rhinophores  club-shaped;  3  branched, 
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piimat«  gilts,  eniToiuided  by  8  to  12  long  projectioDs;  all  taiitselee  and 
projections  tipped  with  yellow:  New  England  north  of  C&pe  Cod,  often 
common  under  atones. 

Fault  2.    DOBEDIDAE. 

Mantle  large,  covering  the  bead  and  without  marginal  appendages; 
int^nment  generally  very  spiculose;  rhinopbores  laminate  and  rotrae- 
tile;  anterior  tentacles  small;  gills  usually  retractile:  9  genera. 
Key  to  the  genera  of  Dorididae  here  described : 

0,  aula  retractile 1.  Doais 

o,  Gilla  not  retractile. 

b,  Oilla  pinnate  and  simple 2.  Oncdidokis 

b,  QlUa  bipinnate 3.  Acanthodous 

1.  Doxit  L.  Body  depressed,  often  with  dorsal  tubercles;  gilb 
branched  or  feathered,  united  at  the  base,  and  retractile;  mouth  with  2 
oral  lobes:  150  species;  eosmopolitan. 

D.  repanda  Alder  and  Hancock.  Body  broad,  lig^t- 
colored,  covered  with  minute  white  tubercles;  mantle  ex- 
panded beyond  the  foot;  gills  form  a  star  of  about  10  pin- 
nate plumes;  length  15  mm.;  width  12  mm.:  New  England 
north  of  Cape  Cod,  nnder  stones  at  low-water  line ;  Europe. 

D.  blflda  Verrill  (Fig.  765).     Body  broad  and  oral, 

purplish-brown  in  color,  speckled  with  white,  25  mm.  long, 

12  mm.  wide;  back  very  convex,  with  papillae;  gills  with  7 

DoHi  HMa       bipinnate  plumes:  New  England  from  Long  Island  Sound 

to  Eastport,  under  stones  at  low-water  mark. 

2.  OnokiDOXIB  Blainville.  Body  depressed;  head  with  a  veil  in 
place  of  oral  tentacles;  gills  pinnate,  set  in  a  circle  and  non-retractile; 
23  species. 

0.  btlamelUte  (L.).  Body  elliptical,  brownish  or  pink  in  eolor, 
covered  with  short,  unequal  papillae;  gills  20  to  25  in  number,  slender 
and  arretted  in  an  oval ;  length  25  mm. ;  width  12  mm. :  Atlantic  coast, 
north  of  Cape  Cod;  often  common;  Europe. 

O.  pallida  (Agassiz).  Body  elongate,  cream-colored,  covered  with 
laige  mushroom-like  tubercles ;  gills  form  a  star  of  7  or  8  broad  plumes, 
which  are  retractile;  12  mm,  long,  6  mm.  wide:  Cape  Cod  nortbwardts 
from  low-water  mark  to  30  fathoms;  Europe. 

3.  AOAHTHOSOBn  Qray.  Body  convex,  covered  with  soft  papillae; 
oral  lobes  united  to  form  a  veil;  gills  united  at  the  base  and  non- 
retractile:  4  species. 

A.  Stollata  Verrill.  Body  broad,  narrower  behind,  eovered  with 
small  pointed  papillae;   gills  composed  of  7  bipinnate  plumes;  color 
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variable,  often  purplish;  length  25  mm.;  width  12  mm.;  Long  Islftud 
Soaud  and  northwards,  under  stones  at  low-water  mark. 

DiTiBiON  3.    .soLnaontEA. 

Simple  nnbrancbed  eerata  on  each  side,  into  which  liver  projectionB 
extend  and  whieh  often  contain  nematocysts;  anus  usnally  on  rig^t 
side:  9  familiea. 

Key  to  the  families  of  ^olidioidea  here  described : 

s,  NamerouB  cerata.  In  transverse  rows 1.  MauDiDAm 

Of  One  loncitndinal  row  of  cerata  on  a  side 2.  DoroNipAa 

FAifiLT  1.  .SOLmiDAE. 
Cerata  arranged  in  transverse  rows  along  the  body,  whieh  contain 
nematocysts,  which,  however,  have  been  introdaoed  with  the  hydroids 
on  which  the  animals  feed;  no  spicntes  in  integument  and  no  mantle; 
tentacles  non-retractile;  anns  on  the  right  side:  100  species,  the  animals 
feeding  largely  on  hydroids  and  bryozoans, 

Key  to  the  genera  of  ^olididae  here  described: 

a,  Body  broad,  beiuK  at  least  a  third  as  broad  as  long 1.  MaiM 

a,  Bodj  usDally  less  than  a  quarter  as  broad  as  long. 
&i  The  2  pairs  of  tentacles  Qaeqaai  In  length. 

.    0|  Front  BnKl«B  of  foot  not  prolonged 2.  MoUBU. 

e.  Front  angles  of  foot  prolonged 4.  CoaxPHnj^ 

i.  The  2  pairs  of  tentscles  of  equal  length 3.  Fi.ABELLIIia 

1.  2 OUH  Cnvier.  Body  ovate;  cerata  cylindrical  and  numerous, 
extendii^  along  the  entire  back;  2  pairs  of  cylindrical  tentacles: 
numerous  speciea. 

A.  papilloaa  (L.)  (Fig.  766).  Body  broad,  depressed  W 
tapering  behind,  gray  or  orange-colored,  spotted  with 
brown  or  white;  cerata  crowded,  arranged  in  12  to  20 
imbricated  oblique  rows  on  each  side  and  10  or  12  in 
a  row;  lengtb  7  em.;  width  one-third  the  length:  Rhode 
Island  to  Arctic  Ocean,  among  hydroids  and  under  stones  I 
between  tide  tines;  Europe. 

2.  JCoLiDtA  Cnvier,    Tentacles  of  unequal  length; 
cerata  compressed,  in  transverse,  rather  distant  rows:  i     ^oiupai^ttof 
species. 

A.  pllata  (Oould).  Body  elongate,  38  mm.  long,  6  mm.  wide,  pale 
drab  in  color  with  a  mid-dorsal,  interrupted  carmine  stripe  margined 
with  silvery  dots;  cerata  fusiform,  in  5  groups:  Long  Island  Sound  to 
Massachusetts  Bay. 

A.  divflrsa  (Coutbouy).  Body  elongate,  tapering  to  a  poitft,  pale 
yellow  in  color;  oral  tentacles  long  and  slender;  dorsal  tentacles  shorter; 
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cerata  fusiform  with  an  orange-oolored  interior,  arranged  in  transverae 
groups  of  3  or  4;  length  30  mm.;  width  8  mm.:  Cape  Cod,  northwards. 

3.  Flabsxxiha  Cnvier.  Body  slender;  rhinophores  laminated;  oral 
tentacles  elongate;  cerata  on  compressed  stalks:  several  species. 

F.  bostoniewstg  (Couthouy).  Body  drah  in  color  with  a  silvery  line 
on  the  tail  and  the  hack  of  the  oral  tentacles;  cerata  curve  backwards, 
arranged  in  5  or  more  groups  on  each  side,  white-tipped;  length  25  mm.; 
width  7  mm.:  Cape  Cod  and  northwards. 

4.  OoBTFHSiXA  Gray.  Front  angles  of  foot  elongated  to  form  long 
lobes:  18  species. 

0.  gsrmnota  (Couthouy).  Body  slender  and  tapering  to  a  point, 
white  in  color;  oral  tentacles  longer  than  the  dorsal,  which  have  wrinkled 
sides;  cerata  arranged  in  6  to  10  transverse  clusters,  with  a  vermillion 
interior  and  white  tips;  length  25  mm.;  width  3  mm.:  Woods  Hole  to 
Boston. 

0.  mananensis  (Stimpson).  Body  white  in  color;  cerata  vermillion 
with  white  tips ;  rhinophores  brown  and  wrinkled ;  length  35  mm. :  Cape 
Cod  and  northwards. 

Family  2.    DOTONIDAE. 

Cerata  tuberculated  and  in  a  single  row  on  each  side,  numerous, 
without  nematocysts;  tentacles  retractile;  foot  very  narrow;  a  simple 
veil  in  front :  4  genera. 

DoTO  Oken.    With  the  characters  of  the  family :  4  species. 

D.  coronata  (Gmelin)   (Fig.  767).    Body  slender; 
brown  or  pink  in  color,  but  variable;  12  mm.  long; 
cerata  large,  club-shaped,  5  to  8  on  a  side,  with  red 
frr»7       spots:  New  Jersey  to  Labrador  in  shallow  water,  on 
Bryozoa  and  hydroids;  often  common. 

A  ^  Division  4.    ELYSIOIDEA. 

Pig.  767  ^  .  ,  ,  , 

Doio  coronata  Cerata  either  present,  when  they  receive  extensions 

(Vcprill).  *  '  •' 

A,  dorsal  as-        of  the  liver,  or  absent ;  jaws  absent ;  radula  with  but 

pect ;  B,  one 
of  the  cerata.       one  row  of  teeth :  3  families. 

Key  to  the  families  of  Elysioidea: 

Ot  Cerata   present 1.   HERiLfiOux 

Oa  Cerata  absent. 

hx  Two  lateral  ridges  present 2.  Eltshdab 

&t  Ridges  absent 3.  Lucaponiudab 

Family  1.    HEBILSIDAE. 

Cerata  present;  1  pair  of  tentacles,  non-retractile  or  absent;  anns 
dorsal  and  median:  4  genera. 
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1.  At.h»»t)^  Allman.  Body  elongate,  without  tentacles;  head  with 
lobes  at  the  side;  anus  doisal,  posterior:  4  speoieB. 

A.  hairaidleiuifl  (Agassiz)  (Fig.  768).  Body  square  and  broad  in 
front,  tapering  behind ;  oerata  short,  arranged  in  6  or  7  clusters  on  each 
side  with  2  in  each  clnater;  color  brownish-yellow;  length  12  mm.; 
width  4  mm.:  in  shallow  pools,  north  of  Cape  Cod;  often  conunon. 

2.  Tbboipss  Cuvier.  Foot  mdimentory;  cerata  in  a  single  row 
on  each  side;  tentacles  eylindrieol:  several  species. 

T.  dflspectns  Johnston.  Four  olub-sbaped  cerata  on  eaeh  side; 
dorsal  tentacles  long,  oral  tentacles  short:  Long  Island  Sound  north- 
wards; often  abundant  on  hydroids  in  shallow  water. 

Faiult  2.    ELTSIIDAE. 
Body  without  cerata,  but  ciliated,  and  with  2  lateral  rit^es,  con- 
taining hepatic  cceoa;  radula  with  a  sii^Ie  series  of  strong  teeth;  eyes 
on  the  sides  of  the  head;  anus  median  or  latero-dorsal :  15  speciee. 


1.  &LT8IA  RisBo.  Body  elliptical,  depressed;  wing-like  ridges  wide; 
2  rather  short,  thick  tentacles:  7  speoies, 

E.  eUoTotica  (Agassis)  (F^.  769).  Body  slender,  bright  green  in 
color,  dotted  with  white  and  red  spots,  40  mm.  long,  8  mm.  wide;  ridges 
broad,  folding  over  the  back,  overlapping  when  the  animal  crawls,  and 
expanded,  leaf -like,  when  it  awims:  New  Jersey  to  Boston,  in  shallow 
and  brackish  water;  often  abundant. 

E.  catnU  (Ag.)  (Fig.  770).  Body  elongate,  brownish-green  in 
color,  with  a  few  whitish  spots,  6  nun.  long  and  2  nun.  wide ;  ridges  when 
folded  do  not  overlap:  New  Jersey  to  Boston;  common  among  eel 
gross  and  shallow  water. 

Family  3.    LDfAPONTIIDAB. 

Body  minute  without  lateral  expansions  or  cerata;  sides  of  head 
with  ridges;  anns  median  and  posterior:  6  species. 

Launmru  Johnston.  Eyes  on  the  lateral  cephalic  crests:  several 
speciee. 


L.  zouaU  (Qirard).    Body  reddisb  ia  color  with 
bands:  MassacbuaetU. 

Order  2.    PUUIONATA.' 

Fresb-water  and  land  snails  (Fig.  771).  Small  snails,  in  most  of 
which  the  shell  is  a  simple,  T«gnlar  spiraL  The  aperture  o£  the  shell  (Fig. 
772)  is  more  or  less  circular  or  crescentic  and  usually  rather  small,  and  is 
sometimes  contracted  by  the  presence  of  teeth  or  lamellae  (7).  It  has  an 
outer  lip  or  peristome  (4)  which  is  either  acute  or  expanded,  and  an  inner 
or  parietal  lip  (towards  the  axis  of  the  shell)  which  may  be  either  thick- 
ened or  not  ^fton  and  Umax  have  no  outer  shell,  but  rudiments  of  one 
are  embedded  in  the  wall  of  the  mantle,  while  Fhitomycus  is  altogether 
shell-less.  An  operculum  is  not  found,  hot  many  land  snails  close  the 
aperture,  on  beginning  their  hibernation,  by  means  of  a  partition  of  eal- 


ng.7Tl  Fls 

FiB.  7T1 — Helto  atperta  {LaDB>,  1,  geoltal  por*;  2,  poateriar 
«;e  at  Its  tip:  n,  anterior  tentacle:  4.  pedal  eland:  G,  resplratoi 
'.  coUar.  Fig,  TT2— Dlasram  o(  ■  pnlmonatp  nbeil  <Wi  ' 
S-8,  belibt  or  lenetb  of  ah  ell :  :i,  spire;  4,  lip;  &-10.  i 
7,  parietal  tootb ;  9,  Dmbllicna. 


cified  slime  called  the  epiphragm.  The  mantle  cavity  has  an  anterior 
position,  except  in  the  OnchidUdae,  the  opening  to  the  outade  being  a 
small  pore  on  the  right  side  of  the  body  (Fig.  771, 5),  which  can  be  closed 
at  will  in  order  to  keep  out  the  water  in  the  aqnatic  species  and  prevent 
desiccation  in  the  terrestrial  ones.  Ctenidia  are  not  present  and  aerial 
respiration  is  carried  on  by  the  vascular  inner  lining  of  the  mantle  cavity. 
The  aquatic  species  are  no  exception  to  this  rule,  but  must  in  most  cases 
come  to  the  surface  of  the  water  to  obtain  atmospheric  air;  young  indi- 
viduals, however,  and  the  adults  of  a  few  species  which  live  in  the  depths 
of  deep  lakes,  take  water  into  the  mantle  cavity,  and  thus  respire. 

The  head  bears  either  one  or  two  pairs  of  tentacles.  In  the  aquatic 
pulmonates  but  one  pair  ie  present  (Fig.  776),  which  are  not  hollow  or 
retractile  and  have  a  pair  of  eyes  at  their  base;  while  the  land  pulmonates 
have  two  pairs  of  tentacles  (Fig.  771),  at  the  tips  of  the  posterior 
and  larger  pair  of  which  are  the  eyes.     The  jaw  is  composed  of  either 

•  See  "Land  and  Presh-Water  Sheila  of  North  Ameripa,"  Part*  1  and  2,  by  W.  Q. 
Burner,  amltbaoDlan  UtSC.  CoU.,  No.  143  md  194,  1865.  "tfanual  Am.  Land  Shells' 
bj  tame.  Bull.  2S,  C.  S.  Nat  Mdb..  188S. 
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a  single  or  of  several  pieces,  but  never  of  two  symmetrical  pieces;  the 
radula  is  broad,  often  nearly  as  broad  as  long,  with  many  transverse 
rows  of  very  numerous  teeth.  These  rows  are  either  straight,  curved,  or 
angulated.  The  pulmonale  tooth  has  a  broad  base  and  a  recurved  and 
either  spine-like  or  dentate  crown. 

The  pulmonates  are  hermaphroditic  animals,  a  single  protandrie  gonad, 
the  hermaphroditic  gland,  being  present.  The  aquatic  forms  have  two 
genital  pores,  while  most  land  pulmonates  have  but  one.  The  genital 
tract  is  considerably  more  complex  in  some  forms  than  in  others.  A  few 
snails  bear  living  young,  but  most  of  them  lay  eggs,  those  of  the  land 
forms  having  calcareous  shells  and  being  deposited  in  the  ground  and 
other  moist  places,  while  those  of  the  aquatic  forms  are  surrounded  by  a 
transparent  jelly. 

The  majority  of  the  Ptdmonata  live  on  the  land,  either  on  the  ground 
among  decaying  leaves,  in  rotting  wood,  or  in  other  dark  moist  places,  or 
sometimes  among  the  foliage  of  trees  and  shrubs.  The  aquatic  forms  are 
found  on  vegetation  or  on  muddy  or  sandy  banks  in  streams  and  fresh- 
water ponds  and  lakes;  a  few  are  marine.  A  few  pulmonates  are  car- 
nivorous, feeding  on  other  snails  and  other  small  animals,  but  the  great 
majority  live  on  vegetable  substances.  About  19,000  species  of  pulmonates 
are  known,  which  are  grouped  in  two  suborders. 

Key  to  the  suborders  of  Pulmonata: 

Ot  Aquatic  pulmonates ;  but  1  parr  of  tentacles 1.  BASOmcATOPHORA 

«a  Land  pulmonates ;  2  pairs  of  tentacles 2.  Sttlommatophoba 

SuBOBDEB  1.    BASOMMATOPHOBA. 

Fresh-water,  or  in  a  few  cases  marine  or  terrestrial,  snails  with 
but  1  pair  of  tentacles  (Fig.  776),  which  are  solid  and  usually  flattened, 
and  at  the  base  of  which  are  a  pair  of  eyes;  shell  delicate,  usually  with 
a  conical  spire  and  a  large  aperture ;  2  genital  pores,  usually  on  the  right 
side  of  the  body,  the  male  opening  near  the  tentacle,  the  female  opening  a 
little  farther  back,  near  the  respiratory  opening;  ureter  passes  directly 
forward  from  the  kidney  (Orthurethra) :  cosmopolitan,  there  being  about 
4,000  species,  grouped  in  11  families. 

Key  to  the  families  of  Basommatophora  here  described: 

Oi  Shell  spiral. 

&i  Inner  lip  of  aperture  toothed 1.  Auriculidae 

&a  Lip  smooth. 
C|  Spire  raised. 

d,  Shell  right-handed .2.  Ltmnjbidak 

d^  Shell   left-handed 8.    Phtsidab 

c.  Spire  discoid 4.  Planobbidab 

a.  Shell  conic,  not  spiral 6.  Anotudab 
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Faiolt  1.    AUBICULIDAE. 

Shell  spiral  with  a  horny  periostraeum ;  lower  whorl  usually  very 
large  with  an  elongated  aperture  which  has  folds  on  the  parietal  wall  and 
usually  teeth  on  the  outer  lip;  head  projects  snout-like  in  front  of  the 
cylindrical  tentacles:  several  hundred  species,  which  live  largely  in  salt 
marshes,  principally  in  tropical  countries;  about  20  American  species. 

Key  to' the  genera  of  AuricuUdae  here  described: 

Oi  Spire  of  shell  at  least  as  long  as  its  aperture. 

bj  Shell  not  minute ^ 1.  Phtita 

5a  Shell  minute 2.  Caktchiuk 

Oa  Spire  much  shorter  than  the  aperture 3.  Melampus 

1«  Pkttia  Gray.  Shell  conical  with  a  pointed  spire;  aperture  with 
1  to  5  teeth  on  the  parietal  wall;  jaw  slightly  arched,  smooth,  with  a 
slight  median  projection;  foot  with  a  transverse  groove:  several  species, 
principaUy  Mediterranean,  1  American. 

P.  myoBOtis  (Drapamaud)  (Fig.  773).  Height  8  mm.;  diameter  4 
mm.;  hom-color  with  a  reddish  sutural  line:  marine;  Nova  Scotia  to 
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Fig.  778  Fig.  774  Fig.  776 

Fig.  778 — Phytia  myotoUs  (Verrni).     Fig.  77^— <)aryoMum  esptguum  (Baker). 
Fig.  775 — Melampus  lineatua — a  banded  indiyidual  (Verrlll). 

Chesapeake  Bay,  also  at  San  Fnancisco,  near  high-water  mark  along  the 
shore,  being  common  in  crevices  of  wharfs;  an  European  species,  perhaps 
imported. 

2.  OABTOEnrx  0.  F.  Miiller.  Shell  very  thin  and  like  a  Pupa  in 
form;  aperture  oval  with  1  or  2  teeth  on  parietal  wall;  jaw  smooth: 
about  15  species,  principally  European;  terrestrial. 

0.  exlguum  (Say)  (Fig.  774).  Height  1.75  nun.;  diameter  .75  mm.; 
color  of  shell  white,  with  4V^  whorls:  under  and  in  logs  and  moss  in 
moist  places  in  eastern  and  central  states;  Oregon;  conmion. 

3.  lisLAMPXTB  Montfort.  Shell  with  a  very  short,  blunt  spire  and  a 
very  large  lower  whorl;  aperture  long  and  narrow;  inner  lip  with 
several  transverse  folds;  outer  lip  acute:  120  species,  mostly  tropical; 
amphibious  or  found  in  brackish  water;  4  American  species. 

M.  lineatns  Say  (Fig.  775).  Shell  13  mm.  long  and  7  mm.  thick, 
hom-color  or  reddish-gray,  with  4  or  5  revolving  bands  when  young, 
aperture  with  a  white  callus  and  a  prominent  tooth  on  the  parietal  wall : 
among  the  grass  of  salt  marshes,  near  high-water  line,  from  New  England 
to  Texas;  common. 
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Pamilt  2.    LYMNiBIDAE/ 

Shell  thiiii  nsnally  with  a  prominent  aeute  spire  and  a  largei  often 
flaring  aperture,  varying  from  hom-colored  to  black;  lip  acute  and 
simple;  parietal  wall  of  aperture  with  a  white  eallos  which  entirely  or 
partially  covers  the  umbilicus;  tentacles  flattened;  eggs  laid  in  a  jelly; 
radula  with  unicuspid  central  tooth:  several  genera  with  several  hun- 
dred species,  inhabiting  ponds,  swamps,  and  streams  in  all  parts  of  the 
globe,  but  principally  in  temperate  regions;  about  35  species  in  the 
United  States. 

Lyjdtjba  Lamarck.  Jaw  comi>osed  of  3  pieces,  1  large  transversely 
elongate  piece  and  2  small  ones ;  foot  rounded  behind :  over  200  species, 
65  American. 

Key  to  the  species  of  Lymiuea  here  described : 

Oi  Shell  more  than  25  mm.  long. 

&i  Spire  long  and  slender L.  STAOnALU 

b.  Spire  short. 

Cx  Aperture  about  half  the  length  of  the  shell. .L.  meqaboha 

c.  Aperture  almost  or  quite  as  long  as  the  shell L.  aubiculabia 

a.  Shell  less  than  20  mm.  long. 
hj  Aperture  about  half  the  length  of  the  shell  or  longer. 
Ci  Shell  with  4  whorls. 

di  Parietal  callus  straight,  i L.  golumella 

d.  Parietal  callus  with  a  slight  fold  or  angle  in  the  middle. .  .L.  gatasoofiuic 
Ca  Shell  with  6  or  6  whorls. 

dt  Shell  15  nun.  long L.  obbubsa 

dt  Shell  8.5  mm.  long L.  HUIOLIB 

d.  Aperture  less  than  half  the  length  of  shelL 

Ct  Shell  very  long  and  slender,  aperture  elongate L.  beflexa 

c.  Shell  not  unusually  slender. 

di  Shell  30  mm.  long  or  less •  •  .L.  palubtbib 

da  Shell  15  mm.  long  or  less  with  heavy  spiral  lines. %.L.  gapebata 

L.  stagnaliB  (L.)  (Fig.  776).  Spire  of  shell  long  and  slender,  with 
an  acute  apex;  aperture  flaring;  whorls  6;  length  60  mm.;  width  25  mm.: 
circumpolar,  being  found  in  the  northern  states  from  the  Atlantic  to  the 
Pacific;  often  common  in  ponds;  the  largest  species;  Europe. 

L.  columella  Say.  Shell  extremely  thin  and  fragile,  greenish  or 
yellowish  in  color,  with  4  whorls,  of  which  the  last  is  large  and  forms 
nearly  the  whole  shell;  length  17  mm.;  width  6  mm.;  aperture  ovate: 
central  and  eastern  states;  often  common  in  stagnant  and  miry  pools 
and  streams. 

L.  megaBoma  Say.  Shell  thick,  with  a  short  spire;  length  40  mm.; 
thickness'  25  mm. :  northern  states  from  Vermont  to  Michigan. 

L.  reflexa  Say  (Fig.  777).  Shell  long  and  slender,  fragile,  with  6 
to  7  whorls;  ax)erture  rather  narrow;  length  40  mm.;  width  13  mm.: 

•  See  "Lymneidae  of  North  and  Middle  America/'  by  F.  C.  Baker,  Chicago 
Acad.  Sd.,  Special  Pub.  No.  3,  1011. 
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northern  states  from  New  York  to  the  Pacific,  also  in  the  middle  central 
and  western  states;  often  common. 

L.  palnsferis  (0.  F.  Muller)  (L.  elodes  Say)  (Fig.  778).  Shell  from 
pale  hrown  to  hlack  in  color,  elongate,  conical,  with  an  acute  apex  which 
is  sometimes  broken  off  and  with  rather  more  than  6  whorls,  wfaidi  are 
decidedly  convex;  aperture  shorter  than  the  spire  with  an  acute  lip  and 
a  white  callus  on  the  parietal  wall;  length  30  mm.;  width  12  nun.: 
ciicumpolar;  northern  America;  the  commonest  species;  Europe. 

L.  olmuaa  Say.  Like  the  above,  but  shell  with  only  5  whorls  and 
a  larger  aperture,  and  very  much  smaller:  New  England  to  Kansas; 
California;  common  about  the  muddy  margins  of  ponds. 


Fig.  776 


Fla.777 


Fig.  778 


Flgi  77a— LyflMMWi  staonalU  (BtJLer),  1.  foot;  2,  tentacle.  Fig.  777— Lyfl»ii«a 

(Baker).    Fig.  778 — Lymtwa  palustria  (Baker). 

L.  cataacopium  Say.  Shell  broad  and  robust,  usually  reddish  or 
blackish  with  4  to  5  whorls,  the  last  large  and  very  convex,  with  a  large, 
flaring  aperture;  length  17  mm.;  width  12  mm.:  northern  and  central 
states;  common  in  large  rivers  and  lakes. 

L.  humilis  Say.  SheU  small,  thin,  and  transparent,  with  5  or  6 
whorls,  8.5  mm.  long,  regularly  conical  and  somewhat  elongate,  variable 
in  color,  sometimes  blackish;  distinct  umbilicus  present:  entire  eastern 
and  central  America,  on  the  muddy  bank^  of  streams. 

L.  auricularia  (L.).  Shell  large,  with  a  very  short,  acute  spire 
and  a  very  large,  ear-shaped  aperture,  which  takes  up  almost  the  whole 
shell;  length  33  mm.;  width  25  mm.:  an  European  species,  introduced 
locally  in  many  eastern  localities. 

L.  caperata  Say.  Shell  rather  solid,  yellowish  to  black  in*  color, 
with  5  to  6  whorls,  with  numerous  minute  revolving  lines,  15  mm.  long, 
7  mm.  wide:  New  England  to  California  and  northwards. 


Fahilt  3.    PHYSIDAE. 

Shell  sinistral,  thin,  with  an  acute  spire,  a  large  lower  whorl,  and  a 
large  oval  aperture,  with  an  acute  lip  and  a  wide  callus  on  the  parietal 
wall;  jaw  a  single  piece,  foot  pointed  behind;  tentacles  filiform:  over 
150  species;  cosmopolitan;  about  22  in  this  country;  in  swamps  and 
ponds. 
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Key  to  the  genera  of  PhyMae  here  deeeribed : 

Oi  Margin  of  mantle  digitate 1.  Phtba 

Oa  Margin  of  mantle  simple 2.  Aflexa 

1.  Phtsa*  Drapamaud.    Mantle  reflected  over  a  portion  of  the 
shell  and  fringed  with  finger-like  filaments:  100  species. 
Key  to  the  species  of  Physa  here  described : 

Oi  Whorls  5  or  6. 

6t  Aperture  three-fourths  the  length  of  shell  or  more P.  bati 

ht  Aperture  two-thirds  the  length  of  shell  or  less P.  otbina 

Os  Whorls  about  4. 

hi  Spire  very  short P.  arcillabia 

&a  Spire  acute P.  HirtBBOSTBOPHA 

P.  sayi  Tappan.  Shell  with  5  or  5V^  whorls,  with  an  elevated,  acute 
spire  and  with  numerous  impressed  spiral  lines;  aperture  large,  three- 
fourths  or  four-fifths  the  length  of  the  shell;  length  22  mm.;  width  13.5 
nun. :  northern  states,  west  to  Rocky  Mountains,  south  to  Ohio  River. 


lig.  779  Fig.  780 

Fig.  779— Pftyaa  gyrina  (Baker).   Fig.  780 — Phpea  heieroetropha  (Baker). 

P.  gyrina  Say  (Fig.  779).  Shell  an  elongate  cone  with  5  or  6  whorls, 
with  numerous  impressed  spiral  lines;  aperture  more  than  half  but  less 
than  two-thirds  the  length  of  the  shell ;  length  23  mm. :  Mississippi  valley, 
the  commonest  species  in  the  central  states. 

P.  ancillaria  Say.  Shell  with  4  or  5  whorb,  a  very  short  spire,  and  a 
very  large  bulging  lower  whorl;  aperture  almost  as  long  as  the  shell; 
color  pinkish  or  yellowish ;  length  14  mm. ;  suture  inconspicuous :  eastern 
and  northern  states,  often  common. 

P*  heterostropha  (Say)  (Fig.  780).  Shell  smooth  and  polished  and 
without  spiral  lines,  with  4  whorls,  the  first  very  large,  the  others  very 
small,  with  an  acute  apex;  aperture  large,  elongate,  and  three-fourths 
the  length  of  the  shell;  color  yellowish-brown  or  blackish;  length  14 
nmi.;  breadth  8.5  mm.:  entire  country;  the  conmionest  species  in  the 
eastern  states. 

2.  Apueza  Fleming.  Mantle  not  reflected  over  the  shell  and  with 
a  simple  edge:  several  species. 

*  See  "A  Reyision  of  the  Pbysae  of  North  Eastern  Illinois,**  by  F.  C.  Baker, 
Nautilus,  Vol.  14,  p.  16,  1900.  *'The  American  Tbysae,"  by  O.  A.  Crandall,  Nautilus, 
Vol.  16,  Nos.  3,  4,  5,  6,  1901. 
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A.  hypnorum  (L.)  (Physa  elongata  Say)  (Fig.  781).    Shell  elongate, 
with  6  whorls,  yellow  or  brown  in  color,  17  mm.  long  and  8  mm.  wide; 

aperture  narrow,  about  half  the  length  of  the  shell :  circmn- 
polar;  on  muddy  bottoms. 


Faiolt  4.    PLANOBBIDAE. 

Shell  sinistral  and  discoidal,  having  a  flat  or  depressed 

F^;78i  spire,   in    some  cases   apparently   dextral;   tentacles    fili- 

hwHMTum         form;  radula  with  biscuspid  central  teeth;  genital  i>ores 

on  the  left  side ;  jaw  composed  of  3  pieces :  170  species ;  In 

streams,  ponds,  and  lakes,  on  muddy  bottoms  or  on  submerged  objects 

or  vegetation. 

Key  to  the  genera  of  Planorhidae  here  described: 

Oi  Interior  of  whorls  without  teeth • 1.  Planobbis 

Oa  Interior  of  whorls  with  teeth 2.  SfiGiCBRTiifA 

1.  Plakobbib  L.  Shell  discoidal  and  sinistral,  the  spire  being  flat- 
tened or  sunken,  with  3  to  5  whorls ;  umbilicus  large  and  wide ;  lip  simple 
and  acute:  over  150  species;  cosmopolitan,  but  found  mostly  in  temperate 
regions;  26  American  species. 

Key  to  the  species  Planorhis  here  described : 

Oi  Shell  sinistral  and  about  12  mm.  wide  or  more. 

hi  Aperture  not  flaring P.  trivolvu 

^t  Aperture  flaring. 

C|  Keeled  on  both  sides P.  ucabinatus 

c.  Keel  on  one  side P.  gaicpanulatus 

a.  Shell  apparently  dextral  and  about  6  mm.  wide. 

5i  Periphery  acutely  keeled P.  exacutus 

&,  Periphery  rounded. 

Ci  Aperture  deflected  upwards P.  defl£ctu8 

c.  Shell  hirsute P.   hibsutus 

Cm  Shell  regular  and  smooth P.  pabvus 

P.  trivolTis  Say  (Fig.  782).    Shell  sinistral,  yellowish  or  brown, 

with  4  whorls;  spire  sunken;  aperture  large,  with  a  sharp  and  simple 
lip,  which  has  a  V-shaped  angle  above;  umbilicus 

showing  almost  all  of  the  whorls;   height  9  mm.;  fl^^ 
width  22  mm. :  North  America ;  the  commonest  species. 

P.  bicarinatns  Say.     Shell  sinistral,  deeply  con-  ^.^          ^ 

cave  on  both  sides,  pale  yellow  or  brown,  with  3  '^ 

whorls,  6  nun.  high  and  12  mm.  broad,  keeled  on  both  PianorbS  trivoivu 

sides;  aperture  large:  northern  and  central  states;       A,  upper  surface; 

^  Bt  under  anrfaoa. 

south  to  Georgia  and  Elansas;  California. 

P.  campannlatns  Say.    Shell  sinistral,  flat,  with  4  whorls;  aperture 

flaring  and  bell-shaped;  height  7  mm.;  breadth  14  mm.:  northern  and 

central  states. 
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P.  exacntns  Say  (Fig.  783).  Shell  apparently  dextral,  with  an  acute 
periphery,  4  whorls,  white  or  light  yellowish  in  color;  6  mm.  wide: 
northern  states,  south  to  Kansas. 

P.  deflectiu  Say  (Fig.  784).  Shell  apparently  dextral,  with  a  blunt 
keel  at  the  periphery,  and  4  whorls,  the  largest  whorl  being  deflected 
from  the  plane  of  the  others:    North  America,  south  to  Washington. 


0 


Fig.  783  Fig.  784  Fig.  785 

Fig.  7SS—Planorhis  ewacutus  (Baker).    Fig.  7S4—Planorbis  defleotus  (Baker). 

Fig.  785— PlaMorM«  parvus  (Baker). 

P.  hirsutUB  Gould.  Shell  brownish,  with  3  whorls;  surface  beset 
with  revolving  lines  of  delicate  hairs;  aperture  large  and  very  oblique; 
diameter  5  mm.:   circumpolar;  south  to  Washington. 

P.  parvus  Say  (Fig.  785).  Shell  apparently  deztrali  with  a  rounded 
periphery  and  yellowish  to  blackish  in  color,  with  4  whorls;  5  mm.  in 
diameter;  periphery  rounded:  North  America;  veiy 
common,  especially  on  water  plants. 

2.  Seguxntzva  Fleming.    Shell  sinistral,  discoidal, 
with  a  flattened  or  sunken  spire,  furnished  internally  _.    ._ 

with  transverse  partitions  or  teeth ;  lip  simple :  but  few     armio^^'^S  \ 
species,  principally  in  the  Old  World. 

8.  annigera  (Say)  (Fig.  786).  Shell  flat  on  the  upper  and  concave 
on  the  lower  side,  with  4  whorls;  5  internal  teeth  present,  far  within 
the  aperture,  which  nearly  close  the  passage;  diameter  6  mm.;  height 
2.5  mm.:  North  America;  often  abundant;  sometimes  gregarious. 

Fajolt  5.    ANCTCIDAE. 

Shell  thin,  non-spiral,  conical,  with  the  apex  median  or  directed  to 
the  right,  and  an  oval  aperture;  jaws  3,  covered  by  papillae;  tentacles 
triangular,  with  eyes  at  their  base:  8  genera  and  about  6Q 
species;  cosmopolitan. 

AvoYLiTS  Geoffroy.    River  limpets.    With  the  characters 
above  given:  16  American  species. 

A.  paraUelns  Haldeman.    Shell  elongate,  with  the  sides 

Fig.  787      parallel  and  the  ends  blunt,  with  apex  nearly  in  the  center, 

riv^arie     dark  green  in  color;  5  mm.  long  and  half  as  wide:  New 

England,  on  stones  and  leaves  in  brooks  and  ponds. 

A.  riYnlaxis  Say   (Fig.  787).    Shell  oval,  homy,  white  within,  6 

mm.  long;  apex  obtuse,  nearer  to  and  leanii^  towards  one  side  and  one 

end:  eastern  states,  sometimes  common  on  dead  shells  and  stones. 
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SuBOfiDEB  2.    STYLOMMATOPHOBA.* 

Land  snails  with  2  pairs  of  retractile  tentacles^  the  hinder  and  larger 
pair  bearing  a  pair  of  eyes  at  their  tips  (Fig.  771) ;  shell  absent  or  con- 
cealed in  the  slugs,  and  in  the  other  forms  usnally  with  4  to  6  whoris 
which  form  a  more  or  less  conical  spire  (Fig.  772) ;  respiratoiy  pore  od 
the  right  side  of  the  body  (Fig.  771,  5),  with  the  anal  and  excretory  pores 
near  it;  either  2  (Ditremata)  genital  pores  or  1  (Monotremata) ;  in  the 
latter  case,  which  characterizes  all  the  American  families  except  the 
Onchidiidae,  the  pore  is  near  the  base  of  the  right  hinder  tentacle  (Fig. 
771yl);  ureter  passes  either  directly  forward  from  the  kidney  towards 
the  anterior  margin  of  the  lung  (Orthurethra)i  or  is  reflexed,  passing 
first  to  the  posterior  end  of  the  lung  cavity  (Sigmurethra) :  about  20 
families,  with  about  15,000  species.  The  American  forms  fall  into  several 
distinct  groups.  These  are  (1)  the  indigenous  American  snails,  including 
almost  all  those  species  occurring  east  of  the  Sierra  Nevada  and  Cascade 
mountains;  (2)  the  boreal  species,  certain  small  northern  forms  of  cir- 
cumpolar  distribution;  (3)  the  Pacific  slope  species,  which  have  mign^ted 
there  from  Asia  by  way  of  Alaska;  (4)  the  European  species,  introduced 
by  human  agency;  and  (5)  the  southern  species,  which  have  entered  the 
country  from  Central  America  and  the  West  Indies. 

Key  to  the  families  of  Stylommaiophora  here  described: 

Ox  Shell  present. 
5i  Shell  with  a  high  spire,  being  conical  or  cylindrical,  not  heliciform 
(except  StrohUops), 

Cx  Shell  more  or  leas  cylindrical,  pupifonn  (Fig.  788) 2.  PuFiLunAE 

Cj  Shell  conical ;  with  an  acute  apex. 
dx  Jaw  present. 

Bx  Spire  very  smallf  composed  of  2  or  3  whorls 5.  Suocineidae 

e^  Spire  high,  composed  of  5  or  more  whorls. 

/i  Jaw  smooth ;  shell  glossy 3.  Coghuoofidae 

/,  Jaw  ribbed ;  southern  animals 8.  Bulimulidas 

d^  Jaw  absent 10.  OLBACiNmAC 

5,  Shell  heliciform  (Fig.  772)  or  depressed  (except  Sphyradium). 
Ci  Shell  with  a  wide  lip. 

dx  Shell  minute,  less  than  3  mm.  in  diameter 4.  Vallonhdab 

dt  Shell  not  minute,  more  than  6  mm.  in  diameter 6.  Heugidae 

c.  Shell  with  a  thin  lip. 

dx  Jaw  without  a  median  projection 7.  Eivdooontidak 

d%  Jaw  with  a  median  projection. 

6i  Teeth  of  radula  thorn-shaped,  in  V-shaped  rows 9.  Cibcinaiiiidak 

e^  Teeth  both  thorn-shaped  and  bicuspid  and  in  straight  rows..  11.  Zonitidae 

*  See  "Nomenclatare  and  Check  List  of  North  American  Land  Shells,**  by  H.  A. 
Pllabry,  Proc  Acad.  Nat.  ScL,  Phila.,  1889,  p.  191.  "PreUminary  Outline  of  a  New 
Classification  of  the  HeUces/'  by  H.  A.  Pilsbry,  same,  1892,  p.  887.  "Gnide  to  the 
Study  of  the  Helices/*  by  H.  A.  Pilsbry,  Vol.  9,  Ser.  2,  Man.  of  Conchology,  1894. 
"A  Clasflifled  Catalogue  of  Am.  Land  Shells  with  Localities,'*  by  H.  A.  Pilsbry, 
Nautilus,  VoL  11,  pp.  45  et  seq.,  1897-9&    '*On  the  ZooL  Position  of  Partola  and 
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Os  ESzternal  shell  absent ;  slugs. 

61  Animals  marine 1.  Onghidiidab 

ft.  Land  animals. 
Cs  Mantle  confined  to  forward  part  of  body. 

dt  Body  with  a  mid-dorsal  keel ;  jaw  smooth 12.  Luiagidae 

da  No  keel  or  an  indistinct  one ;  jaw  ribbed 13.  Abionidab 

o^  Mantle  covers  entire  back 14.  Philomtgidab 


Faiolt  1.    ONGHIDIIDAE. 

Shell  wanting;  body  ovoid,  with  no  tentacles  but  with  the  eyes  at 
the  tips  of  a  pair  of  stalks;  mantle  entirely  covers  the  back;  respiratory, 
anal,  renal,  and  female  genital  pores  at  the  hinder  end  of  the  body;  male 
pore  below  the  right  eye  stalk :  3  genera  and  species,  which  live  mostly  in 
shallow  water  along  the  seashore  in  warm  countries,  2  on  the  Pacific  coast. 

OvosiDXLLA  Gray.    With  the  characters  given  above. 

0.  carpenteri  Binney.  Body  oblong  with  rounded  extremities  and 
sides,  and  gray  in  color;  no  jaw;  5  mm.  long  and  3  mm.  broad:  Puget 
Sound  to  Gulf  of  California. 

Family  2.    PUPILLIDAB.* 

Small,  often  minute  snails,  with  a  more  or  less  cylindrical  or  conical, 
blunt,  multispiral  shell;  aperture  small,  usually  contracted  by  internal 
teeth  or  lamellae;  jaw  smooth  or  finely  striate,  sometimes  with  acces- 
sory plate;  umbilicus  open;  ureter  straight:  cosmopolitan;  over  1,000 
species,  which  live  under  or  in  decaying  wood  or  leaves,  usually  in 
moist  places;  50  American  species. 

Key  to  the  genera  of  PupilUdae  here  described : 

Oi  Shells  pupiform  (Fig.  788). 
bt  Aperture  without  teeth,  or  with  but  1  or  2. 

c^  Shell  cylindrical 1.  Pupilla 

Ct  Shell  elongate  and  tapering 2.  PuForoES 

5,  Aperture  with  teeth. 
Ci  Oater  lip  regularly  rounded ;  4  tentacles. 

di  No  tooth  on  colnmella w 1.  Pupilla 

d^  One  or  more  teeth  on  columella 3.  Bifidaria 

Oa  Outer  lip  indented  above  the  middle ;  2  tentacles 4.  Vebtigo 

a.  Shell  heliciform  (Fig.  772) 5.  Stbobilops 

1.  PxrpnxA  Leach.  Shell  minute,  with  impressed  sutures,  hom- 
color,  and  smooth;  aperture  with  no  teeth  or  with  but  1  or  2  small 
ones  and  with  an  expanded  and  reflected  lip;  whorls  5  to  9;  posterior 

AchatineUa/'  by  H.  A.  PJlsbry,  Proc.  Acad.  Nat  Sd.,  Vol.  52,  p.  561,  1900. 
"MoHuBka  of  Michigan,  Part  1,  Terrestrial  Pulmonata,*'  by  Bryant  Walker,  Rep. 
Oeol.  Snr.,  Mich.,  for  1905,  p.  431. 

*  See  "A  Partial  Reyision  of  the  Pupae  of  the  United  States,"  by  H.  A.  Pllsbry 
and  B.  G.  Yanatta,  Proc.  Acad.  Mat.  Set,  Phlla.,  Vol.  62,  p.  082,  1900, 
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tentacles  long;  anterior  tentacles  very  short:  cosmopolitan;  numerous 
species,  6  American,  mostly  in  the  West. 

P.  mnsconun  (L.)  (Fig.  788).  Shell  stout,  cylindrical,  with  6  or  7 
whorls;  aperture  nearly  circular,  either  without  or  with  1  or  2  teeth; 
length  4  mm. ;  breadth  1.5  mm. :  North  America ;  oircumpolar. 

2.  PuPOZDSB  Pfeiffer.  Shell  rather  slender  and  tapering,  with  6  or 
7  whorls,  smooth  and  shining;  aperture  ovate,  without  teeth:  in  all 
continents  except  Europe;  3  American  species. 

P.  Biarginatos  (Say)  (P.  fallax  Say)  (Fig.  789).  Jaw  strongly 
arched;  umbilicus  deep;  length  5  mm.;  diameter  2  mm.:  United  States, 
east  of  the  Rocky  Mountains. 

8.  BniDABiA  Sterki.  Shell  conical  or  ovate,  smooth  or  finely 
striate;  aperture  dentate  with  usuaUy  a  large  bifid  parietal  lamella,  2 
lipfolds,  and  a  basal  tooth;  additional  teeth  sometimes  present:  about 
22  American  species. 

Key  to  the  species  of  Bifidaria  here  described: 

Ci  Aperture  almost  edentate B.  oobtigabla. 

Oa  Aperture  with  prominent  teeth. 

hi  Aperture  nearly  closed  by  4  or  5  large  teeth B.  ariofera 

&i  Aperture  with  5  to  9  smaller  teeth B.  fentodok 


Fls.788  Els.  789  Fig.  790 

laoorum    (Morse).      Fig.   789 — Pupoidee 
Fig.  790 — Bifidaria  cortiooria  (Bumey). 


Fig.   788 — Pi»pWto  muaoprum  ^  ( Bfprse ) .     Fig.   789 — Pupoides  marginatu9    (  Binney ) . 


B.  corticaria  (Say)  (Fig.  790).  Shell  white,  shining,  cylindrical, 
with  an  obtuse  apex;  whorls  5  to  6,  convex;  aperture  with  but  1  or  2 
teeth  on  parietal  wall,  or  none,  and  a  very  blunt  tooth  on  the  eolnmellar 
wall ;  length  2.5  mm. ;  diameter  1  mm. :  eastern  states,  to  the  Mississippi 

B.  armifera  (Say)  (Fig.  791).  Shell  cylindrical,  with  6  to  7  whorls; 
aperture  with  a  wide  rim  and  4  to  6  teeth,  the  parietal  lamellae  large, 
irregular,  with  1  or  2  projecting  points;  columellar  lamella  thick  and 
situated  deep  in  the  aperture;  lipfolds  2;  length  4.5  mm.;  diameter  2.2 
mm. :  from  the  Atlantic  to  the  Rocky  Mountains. 

B.  pentodon  (Say).  Shell  conical,  white,  whorls  5,  convex;  aper- 
ture with  a  broad  rim  and  with  8  teeth,  the  parietal  and  inferior  lip 
lamella  curved  to  the  left;  length  2  mm.;  diameter  1  mm.:  America. 

4.  Vbbtzgo  Drapamaud.  Shell  ovate  or  conical,  with  4  to  6  convex 
whorls;  apex  obtuse;  aperture  with  a  narrow,  white  rim,  the  outer  lip 
of  which  is  usually  straightened  or  indented  at  its  upper  third;  with 
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4  to  7  teeth;  anterior  tentacles  absent:  a  circumboreal  genus,  with 
abont  36  American  species. 

Key  to  the  species  of  Vertigo  here  described: 

Oi  Bot  1  parietal  tooth V.  tertkioosa 

a.  Two  parietal  teeth. 

hx  Shell  over  2  mm.  long V.  ovata 

&i  Shell  aboat  1  mm.  long V.  inucric 

V.  OTata  Say  (Fig.  792).  Shell  ovate,  dark  amber-colored,  smooth, 
and  shiny;  outer  lip  of  aperture  indented;  6  to  12  teeth,  2  or  3  parietal, 
2  columellar,  and  2  to  6  on  the  lip;  length  2.2  mm.;  diameter  1.5  mm.: 
North  America;  the  conmionest  species. 

V.  ventrlcosa  (Morse).  Shell  ovate,  smooth,  and  polished,  with  4 
whorls;  lip  of  aperture  with  a  deep  indentation;  teeth  5,  1  parietal,  2 


Fig.  791 


Fig.  702 


Fig.  793 


Fig.  791 — Bifidaria  armifera  (Blnney).    Fig.  792 — Vertigo  ovata  (Morse). 

Fig.  793 — Vertigo  milium  (Morse). 

columellar,  and  2  on  the  lip;  length  1.7  mm.;  diameter  1.1  mm.:  north- 
eastern and  north-central  America;  California. 

V.  mUiiuii  (Gould)  (Fig.  793).     Shell  ovate  and  very  minute;  dark 
amber  in  color;  lip  of  aperture  indented;  teeth  6  to  8,  2  parietal,  2 
columellar,  2  on  lip,  the  upper  one  being  large  and  sharply  bent  down- 
wards at  its  inner  end ;  length  1.4  mm. ;  diameter 
.8  mm. :  America,  east  of  the  Mississippi  River 

5.  Stbobilopb  Pilsbry.  Shell  more  or  less 
helicif orm  with  5  or  6  striated  whorls ;  parietal 
waU  with  several  entering  revolving  lamellae: 
5  American  species. 

S.  labyrinthica  (Say)  (Fig.  794).  Shell  with  6  whorls,  2.1  mm. 
wide  and  1.6  mm.  high,  with  3  parietal  lamellae,  each  of  which  has 
swellings  at  regular  intervals:  eastern  and  central  states. 


Fig.  794— fi/roWIop«  laby- 
rinthica (Walker). 


Family  3.    COCHLICOPIDAE. 

Shell  elongate,  slender,  conical,  without  umbilicus;  aperture  eden- 
tate, rounded,  or  lengthened;  ureter  straight:  200  species,  cosmopolitan. 

OoOHLXOOPA  Ferussac.  Shell  smooth  and  glossy;  jaw  slightly 
arched,  without  ribs  and  with  a  median  projection :  2  American  species. 
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0.  lubrlca  (0.  F.  MiiUer)  (Fig.  795).  SheU  6  mm.  high,  with  6 
whorls,  and  yellowish  in  color:  circumpolar;  often  common  under  dead 
leaves  or  decaying  bark. 

FAiaLT4.    VALLONIIDAE. 

Shell  minute,  with  a  low  depressed  spiral,  widely  umbUicate,  con- 
sisting of  3  or  4  whorls,  the  last  of  which  is  large  and  cylindrical; 
ureter  straight:  1  genus. 

Vallonia  Risso.  Aperture  edentate,  round;  peristome  reflected 
and  white;  jaw  with  numerous  slight  transverse  ribs:  9  American  species. 


Fig.  795  Fig.  796  Fig.  797 

Fig.  795 — Cochlicapa  luln-ica  (Binney).    Fig.  796 — Vallonia  pulcheUa  (SterU). 

Fig,  797 — VaUonia  cosiata  (Sterkl). 

V.  pnlchella  (0.  F.  MuUer)  (Fig.  796).  Height  1.3  mm.;  diameter 
2.6  mm.;  shell  thin,  light  colored,  and  transparent:  circumpolar;  north- 
ern states;  often  very  common,  under  sticks,  stones,  and  logs  and  in 
other  dark,  damp  places. 

V.  coBtota  (Miill.)  (Fig.  797).  Height  1.3  mm.;  diameter  2.7  mnu; 
shell  with  regularly  recurring  transverse  ribs;  color  gray:  circumpolar; 
northern  states. 

Family  5.    SnCCINEn)AE. 

Shell  very  thin,  with  a  small  spire  and  a  large,  often  flaring  aper- 
ture; anterior  tentacles  very  small  or  wanting;  jaw  with  an  accessory 
quadrangular  median  piece :  6  genera,  3  American. 

SxrocxirEA  Drapamaud.  Shell  fragile  and  transparent  and  not  too 
small  to  contain  the  body;  tentacles  short  and  thick;  foot  broad;  ureter 
reflexed:  200  species,  on  plants  in  wet  places;  25  American  species. 

Key  to  the  species  of  Sucdnea  here  described : 

Oi  Aperture  occupying  the  greater  part  of  the  shell. 

hx  Aperture  wide  and  oblique S.  ovaus 

&,  Aperture  long,  narrow,  and  straight S.  betusa 

o.  Aperture  round,  occupying  a  little  over  half  of  the  shell S.  avaba 

S.  ovalifl  Say  (/Sf.  ohliqua  Say)  (Fig.  798).  Shell  ovate,  pale  green 
or  yellowish  and  shining,  and  minutely  striated,  with  3  whorls;  spire 
small;  aperture  oblique  and  very  large;  length  28  mm.:  eastern  and  cen- 
tral America;  very  common. 
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8.  ntnta  Lea  {S.  ovaJis  Oonld).  Shell  ovate,  with  3  whorls,  light 
yellowish  or  grayish  and  shining  and  minately  striate;  spire  short;  aper- 
ture long  and  narrow;  length  19  mm.;  width  7  mm.:  eaetem  and  central 
Btates. 

S.  avara  Bay  (Fig.  799).  Shell  elongate, 
vith  a  long  spire,  yellowish,  roaj,  or  greenish ; 
whorls  3;  suture  very  deep;  length  11  mm.; 
vidth  4.5  mm. :  North  America ;  common ;  often 
under  wet  logs. 

Faiolt  6.    HELICIDAE.  „       .„  _    _ 

Fig.  798  FU-  TW 

Shell  with  a  rather  low  conical  spire  and  Flg.i9$~Suoci»€aovaU» 
consisting  of  5  to  7  whorls;  aperture  either  iS""'™  f^lffT^'"^ 
simple  or  with   teeth,  and   with  a  wide  re- 

flezed  lip;  teeth  of  radula  bicuspid  and  tricuspid;  ureter  reflezed;  foot 
without  marginal  grooves:  about  30  genera  and  several  thousand  species. 

Key  to  the  genera  of  Hetkidae  here  described : 
a,  Dart  eac,  genital  mncous  glands,  and  flagellum  present  (Fig.  800) .  .1.  Helix 
a*  Dart  MC.  genital  mucous  glandg,  and  flagellum  absent  (Fig.  801)  .2.  Poltoiba 

1.  Heux*   L.     Shell   helicifonn    (fHg.  772) ;  jaw  with  prominent 
ribs;  1  or  2  dart  sacs,  genital  mucous  glands,  and  flagellum   present 
(Fig.  800),  althot^h  these  oigans  may  be  rudimentary:  many  hundred 
species  in  the  Palearctie  re- 
gion;   poorly   represented   in 
America. 

H.  Mpersa  0.  F.  Miiller 
(Fig.  771).  Shell  yellowish 
or  grayish,  with  brown  re- 
volving bands  of  varying 
widths;  lowest  whorl  very 
large;  aperture  large,  round, 
without  teeth;  height  and  di- 
ameter 22  mm. :  an  European 
BTg.  800 — PartioD  of  the  g»Dltal  orgauB  of  v  l  l      i         03 

HcliT    (ElngBler).    1,  geDlUI   pore:  2,  p«Qia ;      species,  which  has  been  found 
3,  aagvtlum;  4,  prailmBlportloD  ot  8p«rro  duct;       ■      n   _ii       j     ^.    ■  .-11.      , 

D,    Droilmal   portion   of   ovidact  1   e,   proilmai      m  i'ortland,  Maine,  Charles- 
portion  of  Bpermatlieca ;  7,  mucoDB  glands;  8,      .         an  1     .i  > 
dart  SBC.                                                                ton,  S.  C,  and  other  places; 

California. 
H.  poButi*  L.     French  snail.    Edible  snail.     Shell  rather  thin,  5 
cm.  long  and  wide,  yellowish-brown  in  color,  often  with  several  broad 
revolving  bands;  aperture  without  teeth;  narrow,  deep  umbilicus  pi«s- 

L.  PUabr;. 
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ent:  an  Earopean  speeies,  introduced  ijito  New  Orieans  and  other  places: 

imported  into  New  York  for  food. 

K.  hortouii   (Uiill.)    (Fig.  802).     Shell  yellowish,  osuall;  striped 

with  several  reTolving  dark  bands;  aperture  without  teeth;  peristome 
white ;  umbilicus  closed ;  height  12 
mm. :  an  European  species,  introdaeed 
into  eastern  New  England. 

H.  noiionlit  L.  Like  the  above, 
irith  black  peristome:  an  European 
species  found  at  Burlington,  N.  J.,  and 
in  Virginia  in  trees. 

H.  Galifonii«nais  Lea.  Shell  vari- 
able in  shape  and  eolor,  globose,  thin, 
and  transparent,  shining,  pale  yel- 
lowish, with  a  narrow,  brown,  re- 
volving band,  paler  at  its  edges; 
hei^t   15   mm.;   diameter   19   mm.: 


nc.601 — Genttat  otsans  ot  Polrgyra 
(tram  Walker).    1,  genlul  pore;  2,      (^aiuomia. 

Xrm  dnct ;  3,  aria-act :  4,  Blbamtnoni 
•L   ""■  ^0.  hermaphrodld*  dnct ;    6.  8.  PoLTexsA  Say.     Shell  helici- 

LenuphrodlUc  B 1  a  D  d;  7,  retractor  ' 

muKie;  8  ■permatheca;  9,  pent*.  form    (Pig.    722) ;    aperture    usually 

dentste,  1  tooth  being  parietal  and  2 
on  the  lip,  but  they  may  be  absent;  jaw  with  about  a  dozen  promi- 
nent ribe;  dart  sac,  genital  mucous  glands,  and  flagellmn  absent  (Fig. 
801);  foot  without  mai^inal  grooves:  a  North  American  genos  with 
125  species,  which  are  most  often  found  in  moist  and  more  or  lees  open 
woodlands. 

Key  to  the  species  of  Folygyra  here  described : 

«,  Aperture  tridentate. 

t^  Apertnre  distlQctly  ear^bsped P.  AumFouaa 

b,  Aperture  not  ear^haped. 

1^  Umbilicns  open P.  tridentata 

c,  Crobilicas  closed. 

i.  Diameter  exceeding  20  mm P.  paujata 

d.  Diameter  leas  tban  15  mm P.  irflicta 

•i  Aperture  onidentate. 
bi  Aperture  broad  aod  more  or  less  drcnlar. 

o,  Umbilical  open P.  THTaoroas 

e,  UmbllicDB  closed P.  j 

hg  Apertnre  very  narrow. 

e,  Surface  of  shell  hirsute P.  i 

c.  Surface  sinootti P.  xokodon 

Ot  Apertnre  edentate. 

&i  Shell  without  ^iral  lines P,  albolabbI8 

i.  Shell  with  spiral  lines. 

e,  Umbilicna  open P.  pbofuuda 

Ot  Umbilicna  cloMd P.  mn-nLimATA 
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Fig.  802 


Fig803 


Fig.  802 — HeUg  horieniH»  (Binnev).  Fig.  803— < 
Polygyra  auriformia  (Binney). 


P.  anrifomis  (Bland)  (Fig.  803).  Shell  white  or  yellowish,  stri- 
ated, with  a  very  short  spire,  umbilicus  open;  aperture  ear-shaped,  con- 
tracted by  3  prominent  teeth;  height  6  mm.;  diameter  11.5  mm.:  Texas 
to  Qeorgia;  very  common. 

P.  hirsuta  (Say).    Shell  brownish  and  covered  with  rigid  hairs; 
aperture  very  narrow,  being  contracted  by  an  elongated  tooth  on  the 
parietal  wall;  umbilicus 
closed;  height  5  mm.;  diame- 
ter 9  mm.:  New  England  to 
Kansas,  south  to  Virginia. 

P.  monodon  (Rackett). 
Shell  yellowish,  umbilicus  open 
or  closed,  aperture  lunate, 
with  an  elongate  tooth  on  the 

parietal  wall ;  peristome  white,  reflected ;  hei^t  6  mm. ;  diameter  11  mm. : 
eastern  and  central  America;  common,  generally  in  groups  of  about  a 
dozen. 

P.  profunda  (Say)  (Fig.  804).  Shell  depressed,  with  a  wide  umbili- 
cus, and  with  numerous  narrow  revolving  dark  lines;  color  brownish 
or  yellow;  height  15  mm.;  diameter  30  mm.:  central  statea;  abundant. 
P.  tridentata  (Say).  Shell  with  low,  depressed,  yellowish  spire, 
with  5^^  whorls  and  open  umbilicus ;  aperture  with  3  teeth ;  8  mm.  high ; 
16  mm.  in  diameter:  eastern  North  America. 

P.  paUiata  (Say).  Shell  dark  brown, 
with  5  whorls;  aperture  with  white  peri- 
stome and  3  teeth ;  umbilicus  closed ;  height 
10  mm.;  diameter  21  mm.:  eastern  North 
America. 

P.  inflecta  (Say).  Shell,  brown  in  color, 
striated,  umbDicus  closed;  aperture  con- 
tracted with  2  acute  teeth  on  the  inner 
margin  of  the  peristome,  and  a  long  low 
tooth  on  the  parietal  wall;  height  6.6 
southern   and   central   states   west   of   the 


Fig.  804  Fig.  805 

Fig.  804 — Polypura  profmnda 
(Baker).  Fig.  806 — Polygtfra 
fUboUOMTis  (Baker). 


mm.;    diameter   12   mm.: 
Alleghenies. 

P.  albolabris  (Say)  (Fig.  805).  Shell  yellowish-brown  in  color, 
with  5  or  6  whorls;  umbilicus  closed;  aperture  without  teeth  or  with  a 
slight  one  on  the  parietal  wall;  peristome  flat,  white,  and  very  widely 
reflected;  height  24  mm.;  diameter  30  mm.:  usually  very  common  in 
eastern  and  central  United  States. 

P.  muhillneata  (Say).  Shell  yellowish-brown,  striped  with  numer- 
ous narrow  revolving  dark  bands;  aperture  without  teeth;  peristome 
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narrow;  umbilieus  closed;  height  14  mm.;  diameter  23  mm.:  America 
west  of  the  Alleghenies  and  south  of  central  Michigan. 

P.  ihyroides  (Say)    (Fig.  806)r    Shell  depressed,  thin,  yellowish- 
brown;  aperture  with  a  prominent  white  tooth  on  parietal  wall;  umbili- 
cus narrow  and  partially  covered  by  the  reflected  peri- 
stome; height  18  mm.;  diameter  22  mm.:  eastern   and 
i^im^         central  America. 

Family  7.    ENDODONTIDAE. 
Shell  conical  or  depressed,  ribbed  or  striated,  usually 
with  brown  markings,  and  with  open  umbilieus;  lip  thin 
^^i^»^^        and  sharp,  usually  without  teeth:  4  American  genera. 

Key  to  the  genera  of  Endodontidae  here  described: 

Ot  Jaw  composed  of  a  single  piece. 

Fcfyguni  ^*  ^P^**  raised,  but  low 1.  Ptbaidduia 

t?yfroide9  b.  Shell  discoid 2.  Heucodiscus 

(Baker).  ^  j^^  composed   of  numerous  OTerlapping  pieces;   shell 

heliciform  (Fig.  772) 3.  Punctuic 

1.  Ptbaxzduia  Fitzinger.  Shell  with  5  or  6  whorls  and  a  wide 
umbilicus;  aperture  rounded  and  large,  usually  without  teeth;  foot  with 
marginal  grooves  which  meet  behind;  dart  sac,  mucous  genital  glands, 
and  flagellum  absent;  jaw  not  ribbed,  but  striated:  cosmopolitan;  about 
12  American  species. 

Key  to  the  species  of  Pyramidula  here  described : 

Oi  Shell  without  prominent  transverse  ribs. 
&i  Shell  color  with  markings. 

Ci  Shell  with  2  or  3  revolving  bands P.  soutabia 

Of  Shell  with  broken,  irregular  transverse  bands.  P.  altebnata 

ht  Shell  color  plain .P.  febsfectiva 

Oa  Shell  with  prominent  transverse  ribs.  • P.  astbbiscus 

P.  soUtaria  (Say)  (Fig.  807).    Shell  elevated,  white 
or  reddish,  striped  with  2  or  3  broad  revolving  brown  Fig.  807 

bands;  height  19  mm.;  diameter  25  mm.:  America,  north         »oMaria 
of  the  Ohio  River;  Oregon  and  Washington. 

P.  altemata  (Say).  Shell  depressed,  yellowish,  with  oblique  and 
broken  red  bands;  height  10  mm.;  diameter  21  mm.:  eastern  and  central 
America ;  abundant  in  decaying  logs  and  other  damp  places ;  gr^arious. 

P.  perspectiva  (Say).  Shell  flattened,  thin,  brownish;  aperture 
small,  often  with  a  single  small  tooth;  height  3  mm.;  diameter  8  mm.: 
eastern  and  central  America,  but  not  east  of  the  Alleghenies  north  of 
Maryland. 

P.  asteriscua  (Morse).  Shell  very  flat,  with  25  or  30  prominent 
transverse  ribs  on  the  whorls;  height  .5  mm.;  diameter  1.5  mm.:  New 
England  and  Canada;  California. 
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2.  Helzoodzsoub  Morse.  Shell  disc-shaped,  with  the  spire  flat,  and 
the  umbilicus  broad  and  shallow,  the  last  whorl  with  1  or  more  internal 
teeth ;  jaw  creseentic,  with  a  median  projection :  2  American  species. 

H.  paraUelns  (Say)  (H.  Uneatus  Say)  (Fig.  808).  Height  1.5  mm.; 
diameter  4  mm.,  with  parallel,  raised,  revolving  lines:  eastern  United 
States,  living  under  leaves,  loose  bark,  etc. 

3.  PuJiOTUM  Morse.  Shell  depressed  and  discoidal,  small  or  minute ; 
aperature  large,  with  a  thin  lip  and  without  teeth;  jaw  composed  of 
16  to  19  separate  quadrate  plates:  drcumpolar;  6  American  species. 

P.  pygmjBiim  (Drapamand)  (Fig.  809).  Umbilicus  open;  shell 
minute;  height  1  mm.;  diameter  1.5  mm.:  eastern  United  States. 

Family  8.    BULIMULIDAE. 

Shell  elongate,  with  a  high  conical  spire;  aperture  elongate,  eden- 
tate; jaw  arched  with  prominent  ribs;  radula  with  central  tricuspid 
and  lateral  bicuspid  teeth ;  ureter  reflexed :  over  1,000  species,  principally 
in  tropical  America. 


Fig.  808  Flff.  809  Fig.  810 

Big.  808 — Helicodiaous  paraUelua  (Binney).   Fig.  809 — Punctum  pygnupum  (Blnney). 

Fig.  810 — Bulifnulu9  deaihatM  (Binney). 

BuLzmjLini  Leach.  With  the  characters  of  the  family:  about  6 
species  in  the  United  States,  all  southern. 

B.  dealbatns  (Say)  (Fig.  810).  Shell  thin,  white,  with  gray  longi- 
tudinal lines,  6  or  7  whorls;  aperture  oval,  with  an  acute  lip;  18  mm. 
long;  12  mm.  thick:  southern  states,  north  to  North  Carolina  and  Mis- 
souri; common. 

Family  9.    GIBGINABIIDAE. 

Shell  either  internal  or  external  and  heliciform,  thin, 
with  a  wide  umbilicus,  depressed,  with  5  whorls;  aperture 
large,  with  a  somewhat  thickened  lip ;  jaw  crescentic,  stri- 
ated, with  a  median  projection;  radula  with  long  thorn-  ^ 
like  teeth,  the  animals  being  carnivorous;  ureter  reflexed:        Cirdnaria 
12  American  species,  all  on  Pacific  slope  but  one.                      (Baker). 

CiBOnrABiA  Beck.    Shell  external:  several  species. 

C.  concava  (Say)  (Fig.  811).  Height  8  mm.;  diameter  17  mm.; 
color  whitish:  eastern  and  central  states. 
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t.    Height  14  mm.;   diameter  31  mm.;   eolor 
jreUowioh:  Washington,  Idaho,  and  northwards. 

FjUOLT  10.    TEaTACELLIDAE. 
Shell  Toriable  in  shape,  animal  long  and  sing-like;  jaw  absent; 
radula  vith  long  thorn-like  teeth,  the  animal  beii]g  camivorons;  ureter 
refiezed:  about  12  genera. 

1.  TMTAOXII.A  Cavier.  Shell  very  small  and  mdi- 
mentary,  and  ear-shaped,  and  carried  on  the  back  near  the 
hinder  end :  7  species,  principally  in  western  Mediterranean 
countries. 

T.  hallotoldea  (F^russae).  Length  of  shell  7  mm.; 
breadth  4.5  mm.;  body  of  animal  5  times  as  lon^:  green* 
houses  in  Philadelphia  and  other  eitiee,  where  it  feeds  on 
worms,  snaila,  etc. 

2.  EoGLUrDntA    FSrussac.      Shell    tall    and    conical, 
Euaiandina       *>^'i    6    to    8    whorls;    tentacle-like    lip    on    eaeh    side 

(B^n^).        c'  mouth:  tropical  America;  4  species  In  the  sontbem 
states. 
E.  rOMa  Vfsr.  (£.  truncata  Qmelin)  (Fig.  812).    Shell  37  mm.  \ojtg  or 
more  and  13  nun.  thick,  and  fluted  with  longitudinal  ridges :  South  Caro- 
lina to  Texas ;  it  leads  a  semi^aqnatic  life,  feeding  largely  on  snails. 

Faiolt  11.  ZONTTIDAE. 
Shell  thin  and  delicate,  nsnally  depressed,  often  very  small;  csnally 
with  nmbiliens;  jaw  smooth  or  ikearly  so,  with  a  median  projection; 
aperture  large  with  a  thin  lip;  foot  with  mat^inat  grooves  and  caudal 
mncous  gland;  ureter  reflezed:  cosmopolitan;  65  American  species,  which 
lire  under  dead  leaves,  rotting  \oft,  and  in  other  similar  places. 

Key  to  the  genera  of  ZotUtidae  here  described : 
0,  Dart  sac  and  macow  senltal  glanda  abienL 

&i  Whorla  2  or  3;  do  umbillciu 2.  VmiRA 

b,  Whorla  4  or  more ;  mnaUj  with  nmblUcva. 
e,  Spire  depressed. 
d,  Shell  IS  mm.  or  more  In  diameter,  smoky  la  appearance. .  .1.  Ohtsauha 

4t  Shell  unall,  glass;  in  appearance 3.  Vitbk* 

e.  Spire  high. 4.  BnoonnLiia 

«!  Dart  sac  and  genital  macons  glands  present  (Fig.  800). 
h,  latemal  teeth  or  a  calcareous  deposit  on  Boor  of  largest  whorl. 

6.    GASTnODORTA 

t(  No  internal  teeth ;  umbilicns  wide 5.  Zonnoinca 

1.  Ohfsauha  Raflnesque.  Shell  striated  above,  smooth  below,  with 
nmbilicuB;  last  whorl  dilated;  aperture  broad,  with  an  acute  lip:  about 
14  species,  all  North  American. 
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O.  fnliginoM  (Griffith)  (Fig.  813).  SheU  depressed,  thin,  glossy, 
and  dark  colored,  with  4%  whorls  and  with  a  deep  umbiliens;  height  13 
mm.;  diameter  26  mm.:  eastern  and  central 

2.  VixazvA  Drapamand.    SheU  small,       QSimm}^         /7^ 
not  entirely  enclosing  the  animal,  with  a  ViA— • 

low  spire,  thin  and  shining,  and  2  to  3  Big.  818  Big.  814 

whorls,  the  last  large,  with  a  large  aperture        Big.  818 — OwtghdUtta  Utl^ 
and  a  thin  lip:  cosmopolitan;  100  species,  3     rina  Um^ida  (Biiuiey). 
American,  all  northerly. 

V.  Umpida  Goold  (Fig.  814).  Height  3  mm.;  diameter  6  mm: 
western  Pennsylvania,  and  to  the  west  and  north  of  it. 

8.  ViTBlLa  Fitzinger.  Shell  thin,  smooth,  and  shining,  depressed 
with  4  to  6  whorls;  animal  black  dorsally:  21  American 
species. 

V.  hammonis  (Strom)  (Fig.  815).    Shell  with  a  nar- 
row mnbilieus,  brownish  in  color;  2.5  mm.  high  and  5  mm. 
L#.iai^i^         wide:  entire  country,  soath  to  South  Carolina;  common; 

Europe. 

^i^  V.  indentaU  (Say).    Shell  highly  polished,  without 

^ISJISat)!        umbilicus,  but  with  umbilical  region  indented;  2.5  mm. 

high  and  5  mm.  wide:  entire  country. 

4.  BvoovULini  Reinhardt.  Shell  with  a  veiy  narrow  umbilicus 
or  with  none,  with  rather  high  spire  of  5  or  6  whorls:  3  American  species. 

E.  fnlvuB  (0.  F.  Miiller)   (Fig.  816).    Shell  smooth  and  shining, 
light  yellowish  in  color;  3  mm.  high  and  4  mm.  in  diame- 
ter; color  of  animal  black:  circumpolar;  entire  country; 
very  common. 

5.  ZoviTOZDBS  Lehmann.  Shell  depressed,  with  wide 
umbilicus,  smooth  or  ribbed,  shining;  aperture  large, 
without    teeth;    long    dart    sac    present:    15    American        nSoonuhit 

Key  to  the  species  of  Zonitoides  here  described : 

Ot  Surface  of  shell  smooth. 

6i  Diameter  7.5  mm Z.  iotida 

6,  Diameter  5  mm Z.  abbobea 

Ov  Surface  striated  or  ribbed ;  shell  minute. 

hi  Surface  striated Z.  muxvbcvla. 

dy  Surface  folded  and  reticulated Z.  lOLxnx 

Z.  nittda  (0.  F.  Muller).  Shell  elevated,  with  polished,  yellowish 
surface  and  5  whorls;  3.6  mm.  high  and  7.5  mm.  in  diameter;  animal 
black:  northern  states  and  Canada;  common  on  the  banks  of  streams; 
Europe. 
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Z.  arborea  (Say).  Shell  depressed,  amber-colored,  polished,  with  5 
whorls;  deep  and  narrow  mnbilicos;  2.75  mm.  high  and  5  mm.  in  diam- 
eter; head  and  neck  black,  rest  of  body  white:  entire  country,  the  eomr 
monest  species,  living  gregariously  under  bark,  leaves,  etc. 

Z.  mimucnla  (Binney).  Shell  depressed,  with  4  whorls,  with  a  veiy 
wide  umbilicus;  aperture  circular,  with  an  acute  lip;  height  1  mm.; 
diameter  2^  mm.:  entire  United  States;  common. 

Z.  milium  (Morse).  Shell  depressed,  with  a  broad  umbilicus,  stri- 
ated, with  3  whorls;  height  .5  mm.;  diameter  1.5  mm.:  entire  United 
States;  common. 

6.  Gastxodovta  AlbeiB.  Shell  usually  with  an  umbilicus,  with 
5  to  7  whorls  and  yellowish  in  color;  aperture  lunate,  with  an  acute  lip, 
either  with  internal  teeth  not  reaching  the  margin  or  thickened  by  an 

internal  calcareous  deposit ;  animal  black,  with  a  long  dart 
sac  and  mucous  genital  glands :  19  American  species. 

0.  suppressa  (Say).    Shell  depressed,  with  a  large 

whorl,  thin;  aperture  rather  large;  lip  thickened  by  a 

Flff.817  white  deposit  within  it  and  with  1  or  2  parallel  ridges: 

Ugera  height   5   mm.;    diameter   8   mm.;    umbilicus    small   or 

rudimentary:  eastern  and  central  states. 

0.  ligera  (Say)  (Fig.  817).  Shell  with  a  rather  high  spire;  aper- 
ture thickened  within;  height  10  mm.;  diameter  15  mm.:  central  states. 

Family  12.    LIMACIDAE. 

Slugs.  No  external  shell  present,  but  a  rudimentaxy  shell  in  form 
of  a  thin  calcareous  plate  in  the  mantle;  body  elongate  and  tapering; 
mantle  not  extending  back  of  the  middle  of  the  body;  jaw  without  ribs 
and  with  a  median  projection;  ureter  reflexed:  about  20  genera  and 
several  hundred  species,  which  Uve  in  gardens  and  woods,  in  moist  places, 
and  are  nocturnal  in  their  habits;  6  American  species. 

Key  to  the  genera  of  lAmaddae  here  described: 

di  Large  slugs,  with  spots 1.  Ijiicax 

Of  Small  slugs,  unspotted 2.  Agbioui£az 

1.  LzMAZ  L.  Body  tapering  and  keeled  behind,  terminating  with  a 
point;  jaw  with  blunt  ends:  cosmopolitan. 

Key  to  the  species  of  Limax  here  described : 

Oi  Spots  white L.  fiavub 

0,  Spots  and  blotches  black L.  icaximub 

L.  flaviu  L.  Color  yellowish  or  brownish,  with  oblong  uneolored 
spots;  body  covered  with  long,  narrow  tubercles;  head  bluish;  length  85 
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Fig.  818 — lAmaa  mamimua  (Baker).  1,  mantle;  2, 
respiratory  pore ;  3,  anterior  tentacles ;  4,  posterior  ten- 
tacles ;  6,  eye ;  6,  genital  pore. 


mm.  or  more:  an  European  species  present  locally  in  many  places  in  the 
eastern  states. 

L.  mazimiui  L.  (Fig.  818).  Color  gray,  with  alternate  longitudinal 
rows  of  spots  and 
stripes  of  hlack,  re- 
placed hy  irr^nlar 
blotches  on  the  man- 
tle; dirty  white  be- 
low ;  body  covered 
with  coarse,  elon- 
g^ated    tubercles; 

length  16  cm. :  an  European  species  present  locally  in  many  places  in  the 
eastern  states;  California. 

2.  Agbiolixaz  Morch.  Body  keeled  behind  and  unspotted;  jaw 
with  blunt  ends :  animals  live  under  stones  and  decaying  wood  and  feed 

on  leaves,  etc.;  they  can  suspend  themselves  by 
threads  of  mucous  from  bushes  and  trees. 

A.  campestris  (Binney)  (Fig.  819).    Color  uni- 
formly grayish  or  amber,  often  blackish;  upper 
surface  covered  with  prominent  tubercles,  not  flat- 
tened ;  mantle  oval ;  mucous  watery ;  length  25  mm. : 
common  in  eastern  and  central  America,  under  logs, 
damp  leaves,  etc. ;  California. 
A.  agiestis  (L.).    Upper  surface  covered  with  flat,  gray,  or  brown 
tubercles,  separated  by  barker-colored  anastomosing  grooves;   mantle 
pore  bordered  with  white;  mucous  milky;  length  25  to  50  mm.:  eastern 
America;   California;   an  European  species  locaUy  present  in  many 

places. 

Family  13.    ABIONIDAE.* 

Slugs.  No  external  shell,  but  the  small  shield-like  mantle  usually 
encloses  a  calcareous  rudiment  of  one;  body  elongate,  limaciform;  jaw 
with  prominent  ribs;  foot  with  marginal  furrows;  ureter  reflezed:  4 
genera ;  about  15  American  sx)ecies,  mostly  on  the  Pacific  slope. 

1.  Abzon  F^russac.  Body  ending  obtusely  behind;  back  covered 
with  elongated  tuberosities  arranged  in  rows,  and  not  keeled;  mantle 
oval  and  covered  with  granulations  containing  calcareous  particles, 
which  represent  the  shell;  mantle  pore  anterior:  25  species,  all  in  the 
Old  World. 

A.  hortensifl  Fer.  Color  gray  or  yellowish  or  black ;  length  5  cm. :  an 
European  species,  which  occurs  locally  in  New  England  and  other  places. 


Fig.  819— AiTTioH- 
ma«  campestris  (Bin- 
ney). 1,  mantle;  2, 
posterior  tentacles. 


•  See  "Revision  of  North  American  Sings,"  by  H.  A.  Pllsbry  and  B.  O.  Vanatta, 
Proe.  Acad.  Nat  Sd.,  Phila.,  1896,  p.  339 ;  also  1898,  p.  219. 
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2.  Abxoiheaz  Moreh.  Body  tapering  and  somewhat  keeled:  6 
species,  all  on  the  Pacific  slope. 

A.  colnniblaiiiu  (Gould).  Color  greenish-yellow,  sometimes  blotched 
with  darker  patches;  length  15  cm.:  Washington,  Oregon,  and  Califor- 
nia, in  damp  forests. 

A*  niger  Cooper.  Color  nearly  black,  sometimes  gray;  length  5  cm.: 
central  California. 

Family  14.    PHILOMYCIDAE. 

Slugs.  No  internal  or  external  shell;  body  limaciform,  with  the 
mantle  covering  the  entire  back  and  tapering  behind;  no  caudal  mucous 
pore;  ureter  reflexed:  2  genera;  5  American  species. 

1.  PHiLomrouB  F^mssac  Jaw 
smooth,  strongly  arched  and  with  a 
median  projection;  respiratory  pore 
near  the  head;  foot  with  marginal 

Fig.  820 — PhUomyohuM  oaroUnoMia  (Bin-      mv^f^xn^u 
ney).  1,  mantle;  2,  respiratory  pore.  groovoB. 

P.  caroliniemds  (Bosc)  (Fig. 
820).  Color  whitish  with  dark  spots  and  blotches;  length  7  cm. :  eastern 
and  central  states,  in  forests  in  trees,  under  bark,  or  in  rotten  wood,  being 
partial  to  basswood. 

2.  Pallifeba  Morse.  Jaw  with  stout  ribs  on  its  anterior  surface, 
and  without  a  median  projection. 

P.  dorsalis  (Binney).  Color  ashy,  with  an  interrupted  mid-dorsal 
line;  jaw  with  9  ribs;  length  18  mm.:  northeastern  and  central  states. 

P.  hemphiUi  (Binney).  Color  black;  jaw  with  4  or  5  ribs:  central 
states;  rare. 

Order  3.    PBOSOBRAKCHIATA.    (Streptoneuba.) 

Mostly  marine  snails,  in  which  the  ctenidium  lies  in  the  mantle  cavity 
at  the  forward  end  of  the  body  (Fig.  828, 1)  and  in  front  of  the  heart 
In  a  few  primitive  forms  (Zygobranchiata)  a  pair  of  ctenidia  is  present. 
The  HeUdnidae  and  Proserpinidae  are  without  gills  and  the  ctenidium  is 
replaced  by  a  lung,  the  animals  beng  terrestrial.  Near  the  ctenidium 
in  the  inner  surface  of  the  mantle  is  the  hypobranchial  gland,  which, 
in  Murex  and  Purpura,  becomes  the  purple  gland;  its  function  is  un<- 
known.  With  rare  exceptions  the  animal  is  provided  with  a  sheU,  which 
is  often  of  large  size  and  is  sometimes  very  thick  and  heavy,  and  in 
many  forms  very  beautifully  marked  and  colored.  The  operculum  ia 
almost  invariably  present,  and  is  either  calcareous  or  homy,  and  either 
spiral  or  annular. 
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The  foot  forms  a  broad  aole^  except  in  the  Heieropoda:  in  a  few 
forms  it  can  envelop  the  shell  (Natica).  The  head,  which  often  projects 
snout-like  forwards,  bears  a  single  pair  of  non-retractile  tentacles  and  a 
pair  of  eyes,  which  are  either  at  the  base  of  or  on  the  tentacles  or  at  the 
tips  of  stalks  of  their  own.  The  higher  prosobranchs  are  distinguished  by 
the  possession  of  a  proboscis,  which  can  often  be  thrust  out  far  in  advance 
of  the  animal,  and  ftlso  a  siphon,  which  is  formed  by  a  prolongation  of  the 
anterior  margin  of  the  mantle,  and  in  many  snails  lies  in  a  characteristio 
prolongation  of  the  shell  called  the  anterior  or  siphonal  canal  (Fig.  872,  !)• 
Paired  jaws  are  present  in  the  non-carnivorous  forms,  the  carnivorous 
ones  being  destitute  of  jaws.  The  radula  varies  much  among  the  different 
groups  and  is  wanting  in  the  (jymnogloasa. 

The  nervous  system  is  strep  toneurous,  the  plenrovisceral  connectives 
crossing  each  other.  The  sexes  are  separate,  the  male  being  usually  dis- 
tinguished by  a  slenderer  shell.  The  eggs  are  laid  usually  in  capsules 
(Fig.  879),  which  vary  much  among  the  various  forms,  and  are  often 
attached  to  rocks  or  other  objects.  Littorina  deposits  its  eggs  in  a  jelly. 
The  fresh-water  Viviparidae  bear  their  young  alive. 

The  Prosobranchuaa  include  about  27,500  living  species,  mostly  marine, 
which  are  grouped  under  two  suborders. 

Key  to  the  suborders  of  Prosohranchiata: 

Oi  Gill  bipectinate  (Fig.  821,  B)  or  absent,  shell  without  siphonal  canal 

(Fig.  872, 1) 1.  SonTiBBA.iroHiATA 

o.  Gill  monopectinate  (Fig.  821,  C) 2.  PBGTnaBRA.NCttiATA 


Suborder  1.  SCUTIBRANCHIATA.  (Aspidobranchiata;  Diotocabdia.) 


I 


Snails  with  a  primitive 
structure,  a  pair  of  ctenidia 
being  present  in  the  Zygo- 
hranchiata,  and  in  all  others 
the  bipectinate  ctenidia, 
where  present,  projecting 
freely  anteriorly  (Fig. 
821,  B) ;  2  auricles  and  2  kid- 
neys generally  present,  the 
gonad  opening  to  the  outside 
through  the  right  kidney  (except  in  the  Neritidae) ;  proboscis,  siphonal 
canal,  and  penis  absent :  17  families,  grouped  in  2  divisions,  inhabiting 
the  sea,  fresh  water,  and  the  land. 

Key  to  the  divisions  of  Scutihranchiata: 

01  Shell  conical  and  not  spiral,  and  without  a  slit  or  hole 1.  Doooolossa 

o.  Shell  mostly  spiral,  but  when  not  so  with  slits  or  holes* , .  .2.  BmnnoQUMaA. 


Fig.  821 — ProBobranch  giHs.  A,  paired ;  B, 
bipectinate,  and  C,  monopectinate  giUs  (Lang). 
1,  brancbial  vein ;  2,  auricle ;  3,  yentricle ;  4, 
aorta. 
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DivisroN  1.    D0C0OL088A. 

Limpets.  Shell  conical  and  not  spiral;  2  osphradia;  1  auricle;  1 
ctenidium  or  none ;  mantle  margin  often  fringed  (Patella) ;  jaw  median 
and  unpaired;  no  operculum;  radula  very  long,  with  but  few  hooked 
teeth  in  each  transverse  row:  3  families,  with  1,500  species,  all  marine 
and  occurring  mostly  in  shallow  water. 

Family  XCMMIDAE. 

Ctenidium  present,  projecting  from  the  left  to  the  right;  apex  of 
shell  usually  inclined  anteriorly:  1  species  on  the  Atlantic  and  several 
on  the  Pacific  coast. 

AciCJBA  Eschscholtz.  Shell  solid  and  not  iridescent  within;  ten- 
tacles rather  long  and  cylindrical;  anus  on  the  right;  lips  frilled  and 

elongated  at  the  lower  anterior  comers;  radula  with  2 
centrals;  mantle  margin  not  fringed:  about  40  species. 

A.  teetndinalis  (L.).  Conmion  limpet  (Fig.  822).  Shell 

depressed,  smooth,  gray  or  greenish  in  color,  with  dark 

brown  stripes  radiating  from  the  apex;   inner  surface 

whitish,  with  a  large  brown  spot;  length  35  mm.;  width 

25  mm. ;  height  9  mm. :  circumpolar,  south  to  Long  Island 

AciiuM  Sound  and  to  Sitka ;  common  north  of  Cape  Cod  on  rocks 

(Verrlli).         ^   shallow   water;   a   smaller,   narrow,   spotted   variety 

{A.  alvea  Conrad)  is  attached  to  eel  grass;  Europe. 

A.  patina  Eschs.    Shell  53  nun.  long,  46  mm.  wide,  and  18  mm. 

high;  surface  with  radiating  striations,  grayish;  inside  white,  with  a 

large,  brown  central  area:  entire  Pacific  coast;  the  commonest  Cali- 

fomian  limpet. 

Division  2.    BHIPIDOOLOSaA. 

Shell  usually  spiral,  the  spire  being  in  most  cases  low  and  little  coiled ; 
jaw  paired;  radula  long;  teeth,  1  central,  3  to  9  laterals,  and  very  many 
crowded  marginals;  1  or  2  ctenidia;  2  auricles;  2  kidneys:  14  families, 
in  the  sea,  fresh  water,  and  on  the  land,  grouped  in  2  subdivisions. 

Key  to  the  subdivisions  of  Rhipidoglossa: 

Oi  Shell  and  mantle  with  slits  or  holes ;  2  ctenidia 1.  Ztgobranchiata 

Oa  Shell  without  slits  or  holes ;  1  ctenidium 2.  AzTOOBBAifCHiATA 

Subdivision  1.    ZYGOBBANGHIATA. 

Shell  and  mantle  with  a  marginal  or  an  apical  slit,  or  with  marginal 
holes;  2  ctenidia  (Fig.  821,  A) :  3  families,  all  marine. 
Key  to  the  families  of  Zygohranchiata  described : 

Ox  Shell  patelliform  (like  Fig.  822) 1.  Fissubellidak 

o.  Shell  spiral  and  flat ;  aperture  very  wide 2.  Hauotidab 
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Familt  1.    FIBSUBELLIDAE. 

Kejhole  limpets.  Shell  Dou-spira],  conical;  either  anterior  margin 
notched  or  apex  perforated;  2  Bym metrical  ctenidia;  foot  very  large, 
with  an  epipodial  ridge  on  each  side,  vhieh  bears  a  series  of  cirri;  no 
operculum:  several  hundred  species. 

FiS8irBZii.A  Brugui^re.  Apex  of  shell  perforated; 
shell  wholly  external,  capahle  of  containing  the  whole 
animal :  125  species,  mostly  in  warm  waters. 

F.  barbadeneis  Omelin  (Fig.  823).  Shell  oval,  per- 
foration almost  circular;  surface  with  radiating  ribs,  of 
which  about  11  are  larger  than  the  others;  color  grayish 
inside,  with  alternately  green  and  white  concentric  rings; 
margin  crenulated;  length  37  mm.;  width  24  mm.;  height  9.5  mm.: 
Florida,  Bermuda,  and  West  Indies;  common, 

F.  Tolcaoo  Reese.  Shell  oval;  orifice  a  little  in  front  of  the  middle 
and  oblong;  color  grayish,  with  13  to  16  radiating  purplish  rays;  length 
25  mm.;  width  17  mm.;  height  10  mtn.:  Santa  Cruz.  California,  and 
southwards. 

Family  2,    HALIOTIDAE. 

Ear  shells.    Shell  ear-sbaped,  the  spire  being  flat  and  the  aperture 

enormously  expanded,  and  perforated  with  a  spiral  series  of  holes  near 

the  left  margin;  no  operculum;  eyes  on  stalks  near  the  outer  base  of 

the  tentacles ;  foot  very  large, 

surrounded    by    fringed   and 

tentacled    epipodia,    which 

project  beyond  the  edge  of 

the    shell    and    through    the 

holes;   ri^t  gill  smaller  than 

the  left :  1  genus  and  about 

100  species;  the  animals  are 

eaten   in   many    places,    and 

the  shells  are   much   sought 

after    on    account    of    their 

beauty   and   for   use   in    the 

Fig.  82*— HoHiXe.  /tOiWiw  (Roger.).  manufacture  of  buttons  and 

buckles  and  for  inlaying. 
Hauotib  L.  Abalones.  With  the  characters  of  the  family:  Pa- 
cific and  Indian  oceans  and  Europe;  about  5  species  on  the  Pacific 
coast,  living  in  shallow  wat^r.  There  is  large  export  trade  in  the  shells 
and  flesh  of  these  animals,  the  latter  being  dried  and  sent  to  Japan  and 
China,  the  shells  to  Europe. 
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H.  rnfeaceiiB  Swainson.  Bed  Abalond.  Shell  large  and  thick,  23 
em.  longi  18  cm.  wide,  brick  red  in  color  outside  and  pinkish  or  green- 
ish inside;  3  or  4  perforations:  Calif omia,  south  of  Cape  Mendocino; 
common. 

H.  fnlgena  Philippi.  Green  Abalone  (Fig.  824).  SheU  thin,  15 
cm.  long,  iridescent  green  in  color;  about  6  perforations:  California, 
south  of  Monterey. 

H.  eracherodi  Leach.  Black  Abalone.  SheU  12  cm.  long,  10  cm. 
wide^  with  8  perforations,  black  outside:  common  south  of  the  Farallone 
Islands. 

Subdivision  2.    AZYGOBBANCHIATA. 

But  1  ctenidium  (Fig.  821);  shell  usually  with  an  elevated  spire: 

marine,  fresh-water,  and  terrestrial;  11  families. 

Key  to  the  families  of  Azygohranchiata  here  described : 

Oi  Anhnals  marine. 
6i  Operculum  homy ;  shell  conical 1.  Tbochdub 

5,  Operculum  calcareous. 

Ox  Spire  not  very  small 2.  TUBBiNmAE 

Ot  Spire  very  small 3.  NsBiTmAK 

da  Animals  terrestrial  or  in  fresh  water. 

hi  Spire  very  small 3.  Nebthdab 

bi  Spire  not  very  small 4.  Helicinidae 

FAiaLY  1.    TBOCHIDAE. 

Shell  usually  conical,  multispiral,  with  a  flattened  base,  pearly 
inside;  operculum  homy,  multispiral;  snout  short;  eyes  on  stalks  at 
outer  base  of  the  long  tentacles,  and  fringed  lobes  present  on  the  head 
and  foot:  about  20  genera  and  over  1,000  species,  all  marine. 

Key  to  the  genera  of  Trochidae  here  described: 

Oi  Shell  pyramidal. 

&t  Umbilical  indentation  present 1.  Tbochus 

5j  Without  such  indentation 2.  Caixiostoica 

Ot  Shell  conical  or  globose 3.  Mabqabeta 

1.  TBOOHini  L.    Shell  pyramidal,  with  a  flat  base 

Fig.  826 0(0-     ^^^  flattened  whorls;  aperture  small,  oblique,  pearly, 

tum^it^mh^     ^ith  a  thin  outer  lip;  umbilicus  indented:  250  species, 

cosmopolitan,  many  with  beautiful  shells. 
T.  niloticns  L.    Shell  7.5  cm.  long;  9  cm.  wide;  thick,  smooth,  white, 
with  brownish  markings:  Indian  Ocean;  often  used  as  ornaments. 

2.  Oallzobtoxa  Swainson.  Shell  pyramidal,  with  a  flat  base,  i^th- 
out  umbilicus;  interior  pearly:  28  species. 
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0.  anniilatiim  Martin  (Fig.  6^^  Shell  30  mm.  long  and  wide,  thin, 
light  brown  in  color,  with  purple  sutures:  California. 

3.  Maboaszta  Leach.  Shell  small,  thin,  conical  or  globose,  with 
open  umbilicus ;  whorls  rounded  and  smooth :  24  species,  in  colder  waters. 

Key  to  the  species  of  Margarita  here  described : 

Oi  Shell  8olld»  with  2  or  3  reTolving  ridges IC  OBSOUBA. 

Os  Shell  thin. 

5s  Shell  with  regular  spiral  lines • .  • .  .M.  undulata 

&»  Shell  yellowish  in  color. .M.  HELIGINa 

11  obscura  Couthouy  (Fig.  826).    Shell  small,  with  a  low,  conical 
spire  and  brownish  in  color;  whorls  5,  with  2  or  3  revolving  ridges;  these 
with  the  coarse  lines  of  growth  give  the  shell  an  indented 
appearance;   length    10   mm.;    diameter   12   mm.:    Long  J6^ 

Island  Sound  to  Labrador,  in  rather  deep  water  towards  ^19 

the   south,   but    in   shallow  water  towards   the   north;  pig. 826 

_^___-,_  Margarita  o5- 

eommon.  «eiifTi(Tryoa). 

M.  undulata  (Sowerby).    Shell  thin,  conical,  brown- 
ish or  red  in  color,  but  lusterless;  whorls  6,  with  short  wrinkles  near  the 
suture,  and  with  numerous  elevated  spiral  lines  at  regular  intervals; 
length  7.5  mm.;  diameter  10  mm.:  Cape  Cod  to  the  Arctic  Ocean,  from 
low-water  mark  to  deep  water;  Europe;  conmion. 

M.  helidna   (Fabricius).     Shell  small, 

fthin,  light  yellowish  or  pinkish  in  color,  very 
bright  and  polished ;  whorls  4  or  5,  very  con- 
vex;  aperture  large  and  circular;  length  5 
mm.;  diameter  7.5  mm.:  circumpolar,  south 
to  Cape  Cod  and  Vancouver;  in  deep  water, 
but  often  thrown  up  on  beaches. 
FAHIZ.Y  2.  TUBBINIDAE. 
Shell  large,  spiral,  conical,  with  a  large 
lower  whorl  and  aperture;  operculum  cal- 
careens  and  spiral:  100  species,  mostly 
tropical;    about   8    species    on    the   Pacific 

Fig.  827 — Tmrho  wMtmoratM      COast. 

(Bogen).  1   TuvBO     L.     Shell     turbinate,     with 

rounded  whorls;  aperture  round:  76  species. 
T.  marmoratns  L.  (Fig.  827).    Green  snail.    Shell  11  cm.  long  and 
12  cm.  wide;  bright  green,  pearly  inside;  lip  expanded,  forming  on  the 
columella  a  wide  extension:  Indian  Ocean;  used  extensively  as  an  orna- 
ment and  in  the  manufactures. 
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Family  3.    N£BITn)A£. 

Shell  thick,  semi-globose,  with  a  small  spire  and  a  very  lai^e  lower 
whorl  and  aperture;  operculum  calcareous;  cavity  simple  in  consequence 
of  the  absorption  of  the  internal  portions  of  the  whorls;  animal  with  a 
broad,  short  snout;  tentacles  slender;  eyes  stalked;  epipodium  not  fringed: 
many  hundred  species,  mostly  marine,  a  few  in  fresh  water  and  terrestrial 

KxBZTA  L.  Shell  smooth  or  spirally  ridged ;  outer  lip  thick,  usually 
with  teeth  within :  over  200  species,  which  live  on  rocks,  feeding  on  algae. 

N.  fulgurana  GmeHn.  Shell  with  spiral  ridges,  black  or  gray  in 
eolor;  aperture  white,  with  prominent  teeth;  18  mm.  long;  30  nmi.  wide: 
West  Indies;  California. 

Family  4.    HELIdNIDAE. 

Shell  conical  or  depressed,  heliciform,  with  a  single  cavity  due  to 
the  absorption  of  the  inner  portions  of  the  whorls;  columella  generally 
with  a  thick  callus,  which  covers  the  umbilicus;  lip  thick;  operculum 
oval  or  triangular;  tentacles  slender,  with  eyes  at  their  base;  ctenidia 
absent,  the  mantle  cavity  being  transformed  into  a  lung:  over  500 
species,  all  terrestrial,  chiefly  in  warm  countries;  about  4  species  in  the 
southern  states  (70  species  in  Cuba). 

HsLioxvA  Lamarck.  With  the  characters  of  the  family:  about  350 
species  in  tropical  America  and  the  Pacific  islands. 

H.  orbiculata  Say.  Shell  yellowish  in  color,  sometimes  spotted, 
with  5  whorls;  6  mm.  high;  9  mm.  in  diameter:  southern  states,  south 
of  Tennessee. 

StJBOEDEB  2.    PECTINIBRANCHIATA.     (Monotocardia; 

Ctenobranchiata.  ) 
But  one  auricle,  kidney,  osphradium,  and  ctenidium  present,  the  eteni- 
dium  being  monopectinate  or  feathered  on  but  one  side  (Fig.  821,  C)  and 
attached  to  the  mantle  its  whole  length  (except  in  Janthina  and  Valvaia) ; 
proboscis,  siphon,  anterior  or  siphonal  canal,  and  penis  usually  present; 
gonad  never  opens  into  the  kidney  but  has  a  separate  duct :  over  50  fami- 
lies, grouped  in  5  divisions  and  comprising  most  of  the  prosobranehs. 
Key  to  the  divisions  of  Pectinibranchiata: 

Ot  Radula  short  and  wide,  with  numerous  lateral  and  usually  no  central 

teeth ;  shell  without  siphonal  canal 1.  PtbnogijOSSA 

Of  Radula  long  and  narrow,  or  wanting;  siphonal  canal  either  present  or 

absent 
5|  Radula  with  7  teeth  in  each  transverse  row  (Fig.  830)  ;  canal  present 

or  not ;  the  majority  of  species 2.  T^NiooLOsaA 

5,  Radula  and  Jaw  wanting;  shell  elongate,  without  canal... 3.  GTicNoouosaA 
5,  Radula  with  3  teeth  in  each  row  (Fig.  870)  ;  shell  thick,  conical,  with 

canal 4.  Rachiglossa 

h^  Radula  with  1  or  3  teeth  in  each  row ;  shell  with  an  elongate  aperture 

and  a  canal 5.  ToxotoosBA 
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DiviBiON  1.    PTEK0OL0S8A. 

Shell  conical  or  discoid,  with  a  small,  simple  aperture;  no  siphonal 
canal;  radula  with  or  without  central  tooth,  hut  with  numerous  small 
laterals:  3  families,  all  marine. 

Key  to  the  families  of  Ptenogloasa  here  described: 

Oi  Animal  pelagic 1.  Janthinidas 

a^  Animals  littoral 2.  Soauuuidab 

Family  1.    JANTHINIDAE. 

Shell  thin  and  transparent,  heliciform;  2  free  ctenidia;  foot  small, 
secreting  a  long  vesicular  float,  which  supports  the  animal  at  the  surface 
of  the  water,  and  to  which  the  eggs  are  attached ;  when  handled,  the  animal 
exudes  a  violet  fluid:  12  species,  in       t  ^  »|, 

warm  waters,   pelagic,   gregarious, 
feeding  largely  on  jellyflsh. 

Jantkiva  Lamarck.  With  the 
characters  of  the  family:  about  4 
species  off  the  Atlantic  and  1  off 
the  Pacific  coast. 


Fig.  828 — JantMna  fragiUB  (Cambridge 
Natural  History).  1,  gill;  2,  tentacles; 
3,  foot ;  4,  float ;  6,  eggs. 


Fig.  829 


Fig.  830 


J.  fragilig  Lam.  (Fig.  828).    Shell  20  mm.  high;  diameter  25  mm.; 

color  violet :  tropical  and  pelagic,  sometimes  thrown  up  on  the  shores  of 

New  England. 

Family  2.    SGALABIIDAE. 

Spiral  staircases.  Wentletraps. 
Shell  an  elongated  cone,  white,  with 
many  very  convex  whorls,  which  are 
crossed  by  elevated  ribs;  operculum 
homy;  a  short  siphon  present;  the 
animal  exudes  a  purple  fluid:  about  4 
genera  and  200  species. 

SoALABZA  Lamarck.  With  the 
characters  of  the  family:  numerous 
species  on  the  Atlantic  coast,  mostly  in  deep  water  and  towards  the  south. 
S.  grcBnlandica  Perry.  Shell  rather  long  and  tapering,  25  mm.  long 
and  9  mm.  thick;  whorls  10;  ribs  white,  on  a  whitish  or  brown  surface, 
which  has  6  or  8  revolving  ridges:  Cape  Cod  to  the  Arctic  Ocean,  in  10 
to  100  fathoms;  often  common;  Europe. 

S.  lineata  Say  (Fig.  829).    Shell  long  and  tapering;  12  mm.  long  and  5 

mm.  thick;  whorls  11:  Cape  Cod  to  Florida;  common  towards  the  south. 

S.  angnlata  Say.    Shell  20  mm.  long,  8  mm.  wide;  whorls  6  to  11, 

touching  one  another  only  by  the  ribs:  Long  Island  Sound  to  Texas, 

common  towards  the  south. 


Fig.  829— fi'cola  Tineaia  (Verrill). 
Pig.  830 — Radula  of  Vermetus  (Cam- 
bridge Natural  History).  1,  central; 
2,  lateral ;  3,  marginals. 
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Division  2.    7JEMZ0OL08SA. 

Shell  very  variable  in  ahape,  with  or  without  siphonal  canal; 
xadula  (Fig.  830)  long  and  narrow,  with  1  central,  on  each  side  of 
wfaidi  are  1  lateral  and  2  marginal  teeth,  making  7  in  each  row :  about  50 
f^miiiAa^  grouped  in  2  subdivisions,  including  most  prosobrancha 

Key  to  the  subdivisions  of  T<ewioglos9a: 

Ot  Foot  with  a  broad  lole 1.  Pi-attfoda 

a.  Foot  fin-shaped ;  animsis  pelagic 2. 


Subdivision  1.    PLATTPODA. 

SheU  well  developed;  foot  with  a  broad  sole,  with  which  the  animals 

ereep:  48  families,  marine  and  in  fresh  water. 

Key  to  the  families  of  Platypoda  here  described : 

Oi  Aperture  rounded,  without  siphonal  canal  (Fig.  831,  2). 
&t  Animals  marine. 

c^  Shell  regularly  coiled  or  much  flattened. 

di  Shell  not  long  and  slender,  but  more  or  less  globose  or  flattened. 
et  Shell  conical  and  with  a  distinct  spire  (Fig.  772,3). 
/t  Umbilicus  open  (Fig.  831, 1)  or  more  or  less  closed  by  a  large  calloa. 

1.  NATIOmAX 

/a  Umbilicus  closed 3.  Ltttobinidax 

^  Shell  either  not  spiral  or  much  flattened. 

fi  Spiral  either  absent  or  very  inconspicuous 2.  Gafdxjdas 

/,  Shell  spiral,  but  discoid 6.  Sksnkedab 

da  Shell  elongate  with  a  high  spire. 

6|  Shell  minute,  less  than  5  mm.  long,  with  5  or  8  whorls 4.  RisaoiDAa 

et  Shell  very  long,  with  about  10  whorls 12.  Tubbitxllid4s 

e^  Shell  with  a  very  irregular  spiral 13.  VntiiBniiAB 

&a  Animals  in  fresh  water. 
Ci  Shell  usually  minute,  less  than  5  mm.  long,  and  always  less  than  10  nun. 

d|  Shell  usually  elongate  and  conical 5.  Htdbobudab 

da  Shell  usually  flattened  and  discoid 8.  Valvatidas 

Ca  Shell  not  small,  usually  much  more  than  12  mm.  long;  helidform 
(Pig.  772). 

di  Snout  simple ;  tentacles  short 7.  Tivipabidas 

da  Snout  divided  into  2  long  tentacular  lobes ;  tentacles  long. 

9.   AlfFUIXAEIIDAS 

Ca  Aperture  elongate,  with  siphonal  canal  (Fig.  872,1). 
ht  Canal  short  (Fig.  854),  sometimes  consisting  only  of  the  narrowed  lower 
edge  of  the  aperture. 

Ci  Surface  ridged  or  tuberculated 10.  CEBrrHiiDAS 

Ct  Surface  usually  smooth 11.  Plsubockbidas 

5a  Canal  long;  aperture  usually  long  and  narrow  (Fig.  859). 
c^  Spire  low  or  hidden ;  aperture  nearly  as  long  as  the  shelL 

di  Spire  almost  or  entirely  hidden 15.  Cttbaidas 

da  Spire  free  and  raised. 
Ct  Shell  thick,  with  thick  reflexed  lips. 

/i  Outer  lip  with  a  notch  near  the  lower  end 14.  Stroicbidac 

/a  Outer  lip  without  a  notch 17.  Casszdidab 

et  Shell  thin,  with  a  thin  lip 16.  Douidai 

€^  Spire  high ;  aperture  not  half  as  long  as  shell 18.  Tbitonidab 
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Fault  L  HATICnUE. 
Shell  nsnally  globose  or  flattened,  with  a  ehort  epire ;  aperture  round 
or  loQBr;  lip  sharp;  nmbilieus  open,  or  dosed  b;  a  obUub;  opercolom 
nsnall;  eomeoos;  foot  very  lai^  and  capable  of  being  swollen  by  the 
takii^  in  of  sea  water  into  open  spaces  and  reflected  back  over  the  shell 
so  as  almost  to  cover  it;  tentacles  small,  lanceolate,  wide  apart,  united 
by  a  veil;  eggs  deposited  in  a  "sand  collar,"  a  thin  coUar-shaped  lamella 
formed  by  agglatinating  grains  of  sand  together  by  means  of  mucous: 
several  hundred  speoiee. 

K^  to  the  genera  of  Natiddae  here  deeeribed : 

o.  Shell  sloboec. 1.  Natica 

Oa  Shell  flattened  with  a  Tei7  larse  aperture. 

b,  Shell  eai^ihaped 2.  SraASKTUs 

b,  Shell  trampet-shaped S.  TELUTurA 

1.  Ratioa  Lamarck.  Shdl  smooth  and  r^nlar,  gray  or  brownish 
in  color,  with  about  5  whorls;  eyes  wanting;  umbilicus  usually  more  or 
less  closed  by  a  large  callos:  over  200  species;  predacious  animals,  liv- 
ing in  the  sand,  where  they  burrow  after  bivalves;  they  envelop  their 
prey  in  the  foot  and  penetrate  its  shell,  drilling  a  hole  with  the  radnla; 
they  also  devour  dead  fish;  about  20  species  on  the  Atlantic  coast. 

K^  to  the  species  of  Natica  here  deeeribed : 
a.  Shell  over  26  mm.  long. 

b.  Umbilicus  wide  and  deep N.  HEBOS 

bi  UmblliciiB  nearly  closed  by  a  brown  callus N.  ODFUOATA 

0,  Shell  IK  mm.  or  lesi  lone. 

bi  Umbilicna  wide  and  deep N.  IMltAODLATA 

ht  nmbilicns  more  or  less  covered  by  a  white  calltia. 

C  Shell  S  mm.  or  less  long N.  pusilla 

G,  Shell  over  10  mm.  long. 

di  Shell  with  minute  revolving  lines N.  OB<ZNLAin>iOA 

4,  Shell  without  revolving  lines N.  clavsa 

R.  iPolyweea  Uontfort)  horoa  Say  (Fig. 
831).  Shell  large  and  moderately  thick;  whorla 
6,  convex;  umbilicus  large  and  deep;  length  9 
cm.;  diameter  8  cm.;  shell  ash  color,  streaked 
with  chestnut:  Virginia  to  Labrador;  from  low-  .^ 
water  vaaA.  to  238  fathoms;  common. 

N.  (Polynkea  Uontfort)  dnpUcate  Say.  Shell 
solid,  whorls  6,  flattened  above;  spire  low;  color  Fig.  83i 

ashy  gray,  tending  towards  brown  oa  the  upper     i.DmbiticiiB? 2, aperture, 
side,  chestnut  brown  within;  callus  very  large, 
chestnut   brown   in    color,    almost   fllling   the    umbilicus;    length    and 
diameter  6^  cm. :   MassachuBetts  Bay  to  Mexico ;  common  in  shallow 
water. 
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N.  poflilla  Say  (Fig.  832).  Shell  thin  and  small,  often  streaked 
with  brown ;  callus  white,  and  pressed  lateraUy  into  the  umbilienSy  which 
is  nearly  closed;  length  6  mm.;  diameter  5  mm.:  Massachusetts  to  west 
Florida;  common  in  shallow  water. 

H.   {Polynices  Montfort)  immaculata  Totten.     Shell 
solid  and  small;  umbilicus  rounded  and  deep,  but  little 
covered  by  the  small  callus;  color  yellowish,  and  white 
Fig. 832  beneath;  length  7  mm.;  diameter  5.5  mm.:  Long  Island 

Natica  puMttA  jo/  o 

(Verriii).         Sound  to  the  Gulf  of  St.  Lawrence,  in  shallow  water; 
often  common. 

H.  grcenlandica  Moller.  Shell  small,  smooth,  glossy,  bluish-white, 
with  minute  revolving  lines;  12  mm.  long;  11  mm.  in  diameter;  callus 
white,  nearly  filling  the  umbilicus,  leaving  only  a  narrow,  curved  open- 
ing: Cape  Cod,  northwards. 

H.  dansa  Broderip.  Shell  small,  whitish  or  brownish,  without 
revolving  lines;  15  mm.  long;  13  mm.  in  diameter;  callus  white,  com- 
pletely filling  the  umbilicus;  operculum  calcareous:  circumpolar,  south 
to  Cape  Cod  and  Vancouver;  common. 

2.  SiOAXETirs  Lamarck.  Shell  flat  and  eaf-«haped,  with  a  minute 
spire  and  an  enormously  expanded  aperture;  mantle  large,  partly 
or  entirely  covering  the  shell;  operculum  minute,  homy;  propodium 
enormously  developed,  used  for 
burrowing:  100  species,  3  on  the 
Atlantic  coast. 

8.  perspectivuB  Say  (Fig. 
833) .  Shell  oval,  flattened,  white, 
smooth,  and  polished;  37  mm. 
long ;  30  mm.  wide :  New  Jersey  ^^'  ®^  ^«-  ^* 

to  Florida;  common  in  shallow     %|"SS^^i?Slir^^ 
water. 

8.  Velutiva  Blainville.  Shell  small,  thin,  covered  with  a  velvety 
periostracum;  spire  minute;  lower  whorl  large,  with  a  circular  aperture; 
no  operculum:  2  species,  on  the  Atlantic  coast. 

V.  Isvigata  (L.)  (F.  haliotoidea  Fabricius)  (Fig.  834).  Shell  very 
thin  and  fragile,  transparent,  pinkish;  whorls  3;  length  12  mm.;  diam- 
eter 10  mm. :  Cape  Cod,  northwards. 

Family  2.    CAPULIDAB. 

Shell  conical,  flat,  or  boat-shaped,  with  scarcely  any  spiral,  or 
none  at  all;  interior  with  a  shelf,  variously  formed,  to  which  the 
adductor  muscles  are  attached;  no  operculum;  head  distinct,  with  a 
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lengthened  snout;  the  animal  adheres  by  means  of  the  broad  foot  to 

stones  and  shells,  and  does  not  move  about :  7  genera  and  160  species. 

Key  to  the  genera  of  CapuUdae  here  described : 

Ox  Shell  conical ;  partition  cup-shaped 1.  Cbuoibuluic 

o.  Shell  with  a  slight  spiral ;  partition  more  or  less  horizontal. . .  .2.  Cbbfiduul 

1.  OsuoiBVLinc  Sehumacher.    Shell,  conical  and  not 
spiral,  with  the  apex  directed  posteriorly;  shelf  more  or 
less  cup-shaped,  attached  to  the  inner  wall  near  the  apex,      .^^. 
on  one  side:  cosmopolitan. 

0.  striatum  (Say)  (Fig.  835).    Cup-and-saucer  limpet 
Shell  solid,  with  numerous  elevated  radiating  lines;   aper- 
ture circular;  white  or  yellowish  in  color;  12  mm.  in 
height  and  20  mm.  in  diameter:  Florida  to  Bay  of  Fundy;        cru&vS^m 
in  2  to  189  fathoms;  common  in  shallow  water  towards         (YmSi), 
the  north. 

2.  Obefidvla*  Lamarck.  Shell  oval,  boat-shaped  or  flat,  with  the 
inconspicuous  spire  at  the  hinder  end;  shelf  an  internal  regular  plate 
in  the  hinder  half  of  the  shell:  50  species,  in  all  the  warmer  seas; 
attached  to  shells,  seaweed,  etc. 

Key  to  the  species  of  Crepidula  here  described: 

Oi  Shell  convex. 

hi  Shell  up  to  45  mm.  long ;  shelf  white C.  fobnicata 

'*^^j  a         b.  Shell  12  mm.  long  or  lees ;  shelf  brown G.  convbxa 

:/       o.  Shell  flat G.  plana 

^^u  0.  fomicata  (L.)   (Fig.  836).    Shell  convex,  with 

Si^  Ja»»^  one  side  more  curved  than  the  other;  color  whitish  or 

Vig,  836 CrefM-     brownish ;  shelf  concave,  white ;  length  45  mm. ;  width 

*'^ VeSui)*^*       33  mm. ;  height  15  mm. :  Nova  Scotia  to  South  America, 

in  shallow  water,  very  abundant ;  Europe. 
0.  conyeza  Say.  Shell  very  convex,  the  short  side  being  nearly 
vertical;  color  whitish  or  brownish;  shelf  deep-seated,  convex,  brown 
in  color,  with  a  white  edge;  length  12  mm.;  width  8  mm.;  height  4  mm.: 
Nova  Scotia  to  Florida,  in  shallow  water;  not  so  abundant  as  the  above; 
Pacific  coast. 

0.  plana  Say.  Shell  flat  or  concave,  with  a  minute  apex ;  white  and 
polished  inside;  length  40  mm.;  width  25  nun.:  Maine  to  Texas;  common 
in  shells  from  low-water  mark  to  487  fathoms. 

Faiolt  3.    LITTOBINIDAE. 

Shell  spiral  and  conical;  lip  not  notched;  aperture  round,  interior 
not  pearly;   operculum  homy  and  spiral;   head  projecting,  tentacles 

•  See  'The  llmbryology  of  Crepidula,*'  by  E.  G.  Conklin,  Jour.  Morph.,  VoL  13» 
1897. 
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conical,  with  eyes  at  their  base:  several  hundred  species,  in  salt,  brack- 
ish, and  fresh  water,  some  being  amphibious;  they  are  mostly  littoral, 
and  feed  on  algae,  on  which  they  are  found. 

Key  to  the  genera  of  LMofimdae  here  described: 

Ot  Shell  thick  and  solid ;  no  umbilicus 1.  LmosiMA 

Oa  Shell  thin 2.  Lacuna 

1.  LiTTomzvA  F^mssac.  Periwinkles.  Shell  conical,  thick  and 
solid,  with  4  to  6  whorls;  lip  acute;  no  umbilicus;  foot  longitudinally 
divided,  each  side  advancing  alternately  when  the  animal  moves;  radula 
2  or  3  times  the  length  of  the  animal:  175  species,  cosmopolitan;  in 
shallow  water;  more  or  less  amphibious. 

Key  to  the  species  of  lAttorvM  here  described : 

Ot  Shell  not  Bmooth  and  shining, 
bi  Shell  with  reYolving  color  bands. 

Ox  Bands  continuous L.  utobka 

Ot  Bands  broken I4.  ibbosata 

&a  Shell  without  color  bands Li.  aunm 

Oa  Shell  smooth  and  shining L.  palleata 

L.  litorea  (L.).  The  edible  periwinkle  (Fig.  837).  Shell  not  smooth, 
dark  brown,  yellowish,  or  reddish  in  color,  with  dark  spiral  bands;  inte- 
rior white  or  brown ;  length  25  mm. ;  width  16  moL :  Europe,  where  it  is 
an  article  of  food;  recently  introduced  on  our  Atlantic  coast,  and  now 
very  common  as  far  south  as  Delaware  Bay. 


Fig.  887  Big.  838  Big.  839 

Big.  837— LittoHna  liiorea  (Leonis).    Fig.  838— L^tfoHfta  rudlB  (Verrill). 

Fig.  839 — Lacuna  vincta  (VerriU). 

L.  mdis  (Donovan)  (Fig.  83S).  Shell  very  solid  and  thick,  with 
usually  spiral  ridges  and  grooves,  whitish  to  red  or  black  in  color,  with 
sometimes  spiral  bands;  shell  very  variable  in  color  and  texture;  length 
14  mm.;  width  10  mm.:  New  Jersey  to  the  Arctic  Ocean;  very  common; 
Pacific  coast;  Europe. 

L.  irrorata  (Say).  Whorls  flattened,  yellowish-white  or  green  in 
color,  with  numerous  revolving  ridges  which  are  spotted  with  short 
brown  lines;  throat  white;  length  25  mm.:  Vineyard  Sound  to  Florida, 
very  common  towards  the  south. 

L.  palliata  (Say).  Shell  small  with  a  low  spire;  surface  smooth 
and  shining;  color  yellow,  brown,  or  red,  sometimes  spirally  banded; 
length  15  mm.:  New  Jersey  to  the  Arctic  Ocean;  very  common;  Europe. 
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2.  Lacvva  Turton.  Shell  conical  and  thin  with  about  6  whorls, 
ivith  a  long  nmbilical  groove  along  the  columella  leading  to  a  deep 
tunbilicus:  16  species. 

L.  vincta  (Montagu)  (Fig.  839).  Shell  gray  or  yellowish  in  color, 
with  2  dark  bands  on  the  upper  whorl  and  4  on  the  lower  one,  which 
may  be  wanting;  length  12  mm.;  diameter  7  mm.:  circumpolar,  south 
to  Long  Island  Sound  and  Puget  Sound;  very  common;  Europe. 

FAiaLT4.    BIBSOIDAE. 

Shell  small,  spiral,  turreted;  aperture  regularly  rounded,  with  a 
slightly-expanded  lip;  operculum  homy;  eyes  at  the  base  of  the  ten- 
tacles; epipodium  with  filaments:  marine  or  brackish  water;  over  200 
species,  principally  towards  the  south. 

RZBSOA  Fr^minville.     Shell  minute,  conical,  multispiral,   white  in 
color:    75  species,  mostly  in  the  north  temperate  2Sone  in 
deep  water. 

B.  minuta  (Totten).    Shell  thin  and  polished,  with  5 
whorls  and  an  obtuse  apex;   color  yellowish,  which  is 
usually  coated  with  a  green  pigment ;  length  4  mm. ;  diam-         ^     g^^ 
eter  2  mm. :  New  Jersey  to  Gulf  of  St.  Lawrence;  common     ^^(vSprtu/f"" 
on  seaweed  and  under  stones. 

B.  aculeus  (Gould)  (Fig.  840).  Shell  thin,  with  6  whorls,  light  yel- 
lowish in  color,  with  microscopic  revolving  lines;  length  4  mm.;  diameter 
1.7  mm. :  Long  Island  Sound  to  Greenland ;  common  on  seaweed. 

Family  5.    HYDBOBIIBAE. 

Shell  small,  usually  elongate  and  conical,  with  a  pointed  spire; 
aperture  rounded;  operculum  corneous  or  calcareous;  umbilicus  usually 
open:  about  80  species,  in  fresh  and  brackish  water;  cosmopolitan. 

Key  to  the  genera  of  Hydrohiidae  here  described: 

Ox  Shell  ovate. 

&t  Umbilicus  closed. 

Cx  In  eastern  and  central  states 1.  BYTHimA 

Ca  On  Pacific  slope 3.  FLViaNiooLA 

5a  Umbilicus  open. 

Oi  Spire  well  developed 2.  Amkioola 

Ct  Spire  very  low 4.  Soicatogtrub 

Oa  Shell  elongate. 

&i  Umbilicus  narrow  and  deep 5.  PoiCAHOPSis 

5^  Umbilicus  absent  or  very  shallow 6.  Faludestbina 

1.  Btthzvza  Gray.  Shell  conical,  thin,  covered  with  a  thin  perios- 
tracum;  operculum  calcareous,  not  spiral,  but  with  prominent  growtfar 
ridges:  in  fresh  water;  50  species,  all  in  the  Old  World. 
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Fig.  841         Fig.  842 

Fig.  S41-^Bythinia 
tentaculata  (Baker). 
Fig.  842 — Amnioota 
Umoaa  (Baker). 


B.  tentaculata  (L.)  (Fig.  841).  Shell  yellowiah  or  greenish  in  eoloTy 
smooth  and  shining,  with  5  whorls^  the  lowest  of  which  equals  the  other 
four;  length  11  mm.;  width  6^  mm.:  a  European  species  introdaeed 
recently  into   the  northern  states;   in   lakes  and   ponds,   often   very 

common;  in  Chicago  they  are  sometimes  drawn  into 
^^A  the  water  pipes  from  Lake  Michigan  in  sufficient 

wH  /j^      quantities  to  block  the  smaller  ones. 

^^  ^  2.  AjoncOLA  Oould  and  Haldeman.  Shell  smaU, 

ethin,  smooth,  conical,  with  a  low  spire  and  a  broad 
M       lower  whorl;  operculum  spiral,  homy;  snout  short, 
tentacles  long:  about  10  species,  all  in  North  Amer- 
ica, in  fresh  water;  3  on  the  Pacific  slope. 

A.  limosa  (Say)  (Fig.  842).  Shell  globose,  plain 
brown  in  color,  without  bands,  shining,  5  mm.  long, 
4  nmi.  wide ;  umbilicus  either  narrow  or  wide ;  whorls 

4  to  5;  aperture  circular;  lip  sharp:  entire  country;  very  common  on  the 
muddy  bottom  or  on  aquatic  plants  in  streams  and  ponds. 

A.  dndnnatiensis  (Lea).  Shell  swollen,  greenish  or  yellowish- 
brown  in  color,  smooth  and  shining,  5.5  mm.  long,  4  mm.  wide;  whorls 

5  or  6;  aperture  oval;  lip  sharp;  umbilicus  small  and  very  deep:  eastern 
and  central  states;  common  on  the  muddy  bottom  of  streams  and  ponds. 

8.  FLxnczvzooLA  Stimpson.  Shell  rather  large,  ovate,  solid,  without 
umbilicus,  smooth,  out^r  lip  projecting  above  over  the  inner  lip,  which 
is  flattened:  Pacific  slope,  in  streams  and  lakes. 

F.  nnttalliana  (Lea).  Shell  yellowish,  smooth,  with  4  whorls; 
aperture  white;  length  10  mm.;  diameter  7.5  mm.:  valley  of  the 
Columbia;  very  common. 

4.  SoxATOGT&ire  Gill.  Shell  globose,  with  a  short  low 
spire  and  a  very  large  infiated  lower  whorl  and  large 
oblique  aperture;  whorls  4;  lip  thin;  operculum  spiral, 
homy:  about  6  species,  all  in  the  central  states,  in  fresh 
water. 

8.  subglohosns  (Say)  (Fig.  843).  Shell  yellowish  in 
color,  shining;  apex  rounded;  length  7  mm.;  width  6.5 
mm.;  umbilicus  small:  central  states,  west  to  Iowa. 

8.  integer  (Say).  Shell  yellowish,  shining,  4  mm.  long  and  3  mm. 
wide;  umbilicus  almost  obliterated  by  a  callus:  central  states,  west  to 
Iowa. 

5.  PoXATiomB  Tryon.  Shell  small,  elongate,  and  conical;  umbili- 
cus narrow  and  deep;  aperture  round  or  oval;  operculum  spiral  and 
corneous;  peristome  thin:  North  America;  air  breathers,  although 
possessed  of  a  gill. 


Fig.  843 
Bomatooyrut 

(Baker). 
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P.  Upidaria  (Say)  (Fig.  844).  Shell  slender,  dark  brown  in  color, 
and  shining,  with  6  whorls,  6.5  mm.  long  and  3  mm.  wide:  eastern  and 
central  states,  under  stones  on  the  margin  of  streams  or  in  moist  places 
on  land  or  on  aquatic  plants;  common. 

4  P.  dncinnatiensis  (Anthony).    Shell  robust,  with  4  or 

5  whorls,  greenish  or  brown  in  color,  and  shining,  4.5  mm. 
long  and  2.3  mm.  wide:  central  states,  in  moist  places  on 
Fig.  844  land,  or  on  stones  in  the  water. 

lapidaria  P*  callfomica  Pilsbry.    Shell  thin,  brown  in  color,  5 

mm.  long :  San  Francisco  and  Oakland. 
6.  Palttdestbina  D'Orbigny.    Shell  small,  elongate,  conical,  with 
an  elevated  spire;  apex  generally  obtuse;  aperture  ovate;  lip  thickened; 
operculum  homy:  in  fresh  water. 

P.  nickliniana  (Lea)  (Fig.  845).  Shell  with  6  whorls,  greenish  in 
color,  shining,  4.5  mm.  long,  2  mm.  wide;  umbilicus  indented:  eastern 
and  central  states;  often  common  on  aquatic  vegetation  in  ponds  and 
rivers. 

Faioly  6.    SKENELDAE. 

Shell  small,  with  a  very  low  spire,  being  almost  discoidal,  and  a 
wide  umbilicus ;  operculum  homy,  multispiral :  1  genus,  in  northern  seas. 

Skenxa  Fleming.  With  the  characters  of  the  family:  1  American 
species. 


c^ 
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Fig.  845  Fig.  846  Fig.  847 

Fig.  845 — Paludestrina  lUokUniana  (Baker).    Fig.  846 — Skcnea  planorhis  (VerrlU). 

Fig.  847 — Vivipara  contect<Hdea  (Baker). 

8.  planorbis  (Fabricius)  (Fig.  846).  Shell  minute,  flat,  with  3 
whorls,  yellowish,  smooth;  aperture  circular;  length  .8  mm.;  width  1.3 
sun.:  Long  Island  Sound  to  Greenland;  common  under  stones  near  low- 
water  mark;  Pacific  coast;  Europe. 

Family  7.    VIVIPAEIDAE.     (Paludinidab.) 

Shell  conical  or  globose,  with  rounded  whorls  and  an  olive-green 
periostracum;  aperture  simple,  roundish;  operculum  homy  and  usually 
not  spiral;  animal  with  a  prominent,  broad  snout,  and  eyes  on  short 
stalks  at  the  outer  base  of  the  stout  tentacles;  viviparous,  the  young 
remaining  in  the  parent  shell  for  some  time  after  hatching:  about  6 
genera  and  over  200  species;  in  fresh  water  in  all  parts  of  the  world. 
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Key  to  the  genera  of  Viviparidae  here  described: 

Oi  Shell  banded,  with  ambilicas 1.  YlWtFMMk 

o.  Shell  not  banded,  without  umbilicus. 

6,  Shell  thick  and  solid 2.  Gaiifeloma 

&a  Shell  thin «^ 3.  L10PI.AX 

1.  ViYZFABA  Lamarck  (Paludina  Lam.)*  Shell  thin,  with  about  5 
whorls  and  a  small  umbilicus :  100  species,  cosmopolitan ;  about  8  Amer- 
ican species,  mostly  in  the  southern  states;  about  2  on  the  Pacific  slope. 

V.  contectoides  Binney  (Fig.  847).  Shell  with  4  revolving  brown 
bands,  of  which  3  are  on  the  body  of  the  whorl  and  1  on  the  base,  the 
upper  whorls  showing  but  2  bands,  sometimes  indistinct  or  wanting; 
length  33  mm.;  width  25  mm.:  eastern  and  central  states,  in  lakes  and 
rivers,  on  muddy  bottoms  in  shallow  water. 

2.  Oakpeloxa*  Rafinesque.  Shell  solid,  thick,  with- 
out umbilicus;  whorls  6:  about  6  species,  all  in  North 
America. 

Key  to  the  species  of  Catnpeloma  here  described: 

Oi  Spire  shorter  than  the  aperture C.  fondebosum  j~    g^ 

a.  Spire  and  aperture  of  equal  length.  Catmpeloww 

5i  Whorls  rounded C.  dbcisuu  "^/Sfeff * 

ba  Whorls  flattened C.  suBSOunuu 

0.  ponderosnm  (Say)  (Fig.  848).  Shell  very  heavy  and  solid,  con- 
ical, with  a  very  large  lower  whorl  and  an  elongate  ovate  aperture; 
color  greenish  or  blackish;  length  21  mm.;  width  15  mm.;  aperture 
longer  than  the  spire:  New  York  to  Illinois,  south  to  Alabama. 

0.  dedanm  (Say).  Shell  rather  solid,  conical;  spire  about  as  long 
as  the  aperture ;  length  28  mm. ;  width  17  mm. ;  color  dark  green,  surface 
shining:  New  England  to  Iowa;  south  to  Tennessee. 

0.  snbsoUdnm  (Anthony).  Shell  very  solid,  yellowish  or  light 
green  in  color,  smooth;  whorls  6,  flattened;  aperture  sigmoid;  length 
40  mm.;  width  23  mm.:  New  England  to  Illinois,  south  to  central  Ohio. 

8.  LlOFLAX  Troschel.  Shell  thin,  conical,  and  elongate;  without 
umbilicus;  foot  very  large:  2  species,  both  in  the  United  States. 

L.  BUbcarinata  (Say).  Shell  with  3  or  4  whorls,  which  are  with 
2  or  3  indistinct  ridges;  operculum  spiral  in  the  center,  except  in  old 
shells;  aperture  oval;  length  12  mm.;  width  10  mm.;  color  greenish: 
New  Jersey  to  Indiana. 

Family  8.    VALVATIDAE. 

Shell  small,  conical,  and  depressed  or  discoidal,  with  an  open 
umbilicus;    operculum    corneous,    circular,    multispiral;    periostracum 

*  See  **On  the  Genus  Campeloma,*'  etc.,  by  R.  B.  Call,  BulL  Washburn  Coll.  Lab., 
Vol.  1,  p.  149, 1886. 
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greenish;  tentacles  long  and  slender  with  eyes  at  their  outer  base;  snout 
prolonged;  ctenidium  bipectinate,  long,  exposed;  animals  hennaphro- 
ditie:  the  temperate  regions  of  the  globe,  in  rivers,  ponds,  and  lakes; 
1  genus. 

Valyata  0.  F.  Miiller.  With  the  characters  of  the  family :  about 
6  American'  species,  3  being  on  the  Pacific  slope. 

Key  to  the  species  of  Valvata  here  described: 

Oi  Whorls  of  shell  rounded Y.  bincbra 

n.  Whorls  keeled. 

\  Apex  elevated V.  tucabinata 

&a  Apex  not  elevated V.  BiCABmATA 

V.  sincera  Say  (Fig.  849).  Shell  conical  and  depressed,  with  3  or 
4  whorls;  spire  very  low;  lowest  whorl  very  large,  rounded;  aperture 
round,  beneath  the  rest  of  the  shell;  surface  shining  and  brownish  in 

color;  length  2.5  mm.;  width  4.5  mm.:  Canada 

P^^^l^^      /^5^V        '^^  Alaska  and  the  northern  states  towards  the 

C-.^-^^  ^\^       north;  in  lakes  and  sluggish  streams. 

ng.849         ng.860  V.  tricarinata   (Say)    (Fig.  850).     SheU 

Fig.849— Toiratotfinoera      depressed,  thin,  shining,  whitish  or  greenish 

irtJirt^tJ^fsSSir.^"''''**'*     "1  color,  with  an  elevated  spire  flattened  at 

the  apex;  whorls  3  or  4,  with  deep  sutures, 
and  with  1  to  3  prominent  keels  on  the  outer  surface ;  length  and  width 
4  mm.:  northern  states,  south  to  Iowa;  very  common. 

V.  bicarinata  Lea.  Shell  discoid,  the  spire  not  elevated,  and  with 
BO  more  than  2  keels;  length  3.5  mm.;  width  5  mm.:  northern  states. 

Family  9.    AMFULLABIIDAE. 

Shell  with  a  low  spire  and  a  large  lower  whorl  and  aperture;  snout 
divided  into  two  long  tentacular  lobes;  tentacles  long  and  slender,  with 
eyes  on  short  stalks  at  their  outer  base;  mantle  with  a  long  siphon  on 
the  left  side;  respiratory  cavity  divided  by  a  partition,  the  left  acting 
as  a  pulmonary  sac,  the  right  containing  a  very  large  ctenidium :  numer- 
ous species;  in  fresh  water,  principally  in  tropical  regions. 

Ampuixarta  Lamarck.  With  the  characters  of  the  family;  um- 
bilicus widely  open:  150  species. 

A.  depressa  Say.  Shell  with  4  whorls,  yellowish  in  color,  with 
numerous  revolving  brown  or  greenish  bands;  37  mm.  long  and  wide: 
Florida  and  Georgia,  in  rivers  and  lakes. 

Faiolt  10.    GEBITHIIDAE. 

Shell  elongate,  with  a  tall  spire  and  a  ridged  or  tubereulated  sur- 
face; aperture  channeled  in  front,  forming  a  short  canal,  and  usually 
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with  an  expanded  outer  lip;  operculum  homy  and  spiral;  mantle  with 
a  short  siphon :  200  species,  in  salt,  brackish,  and  fresh  water. 
Key  to  the  genera  of  CerithUdae  here  described: 

Ox  SbeU  dextral. 

bi  Outer  lip  not  expanded 1.  BrmnM 

&a  Outer  lip  expanded 3.  C^EBrrniopsis 

Oa  Shell  sinistral 2.  TmromB 

1.  BiTTnnc  Leach.  Shell  with  a  granular  surface;  aperture  with 
a  slight  canal  in  front;  outer  lip  acute,  not  expanded;  operculum  with 
4  spirals:  numerous  species. 

B.  altematom  (Say)  (B.  nigrum  Stimpson)  (Fig. 
851).  Shell  slender,  with  about  8  whorls,  bluish  or  blackish 
in  color,  6  mm.  long  and  2  mm.  wide ;  surface  covered  with 
a  fine  network  of  elevated  lines ;  aperture  rounded :  Massa- 
chusetts  Bay  to  New  Jersey ;  in  shallow  water. 

2.  Tbifobis    Deshayes.      Shell    sinistral;    aperture         ^tf^m 
round,  prolonged  in  front  to  form  a  closed  tube:  100       ^v'^^Sln^ 
species,  mostly  towards  the  south. 

T.  perversa  (L.)  (T.  nigrocincta  Adams).  Shell  reddish-black  in 
eolor,  with  3  revolving  series  of  granules;  whorls  12  or  more;  leng^  7 

mm.;  width  1.7  mm.:  Gape  Cod  to  west  Florida;  rather 
common;  Europe;  California. 

8.  OsBZTKiOPBis  Forbes  and  Hanley.    Shell  slender, 
frequently  with  longitudinal  ribs;  aperture  with  an  an- 
terior canal  and  a  less  distinct  posterior  one;  operculum 
homy  and  spiral:  in  shallow  water. 
Fis.852  0.  greeni  (Adams)   (Fig.  852).    Shell  with  10  to  12 

m-eetU  whorls,  reddish-black  in  color,  with  longitudinal  ridges 

and  revolving  lines,  forming  series  of  granules;  length  5 
mm.;  width  1.2  mm.:  Massachusetts  Bay  to  Texas. 
0.  terebralis  (Adams).    Shell  with  10  to  12  whorls,  flattened  and 
having  3  revolving  ridges  on  each,  with  numerous  fine  longitudinal 
lines  between  the  ridges;   length  12  nun.;   width  3  mm.;   color  reddish- 
brown:  Cape  Cod  to  Texas. 

Family  11.    PLEUBOGEIBIDAE. 

Shell  elongate,  conical,  with  numerous  whorls;  operculum  spiral; 
aperture  round  or  ovate,  and  rather  small  and  channeled  or  angulated 
in  front;  animal  with  a  broad,  short  snout  and  with  eyes  sessile, 
situated  at  the  base  of  the  tentacles:  in  fresh  water;  many  hundred 
species,  all  in  the  United  States  (except  2  or  3  in  Mexioo),  mostly  in 
the  southern  states. 
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Key  to  the  genent  of  PUuroceridae  here  deaerihed : 

Og  Aperture  lengthened  to  form  a  ihort  canal;  whorla  flattened.  1.  Pueubogeba. 
Ot  Aperture  not  canaliculate ;  whorls  rounded 2.  Goniobabib 

1.  PLEnooxBA  Rafinesqae.  Shell  with  a  long,  tapering  spire;  outer 
lip  with  a  projection  about  the  middle  forming  a  short  siphonal  canal; 
snrface  smooth  or  ribbed;  without  umbilicus:  84  species. 

P.  BUbnlare  (Lea)  (Fig.  853).  Shell  yellowishr-brown  in  color,  with 
a  yellowish  band  encircling  the  whole  just  below  the  suture;  whorls  11, 
increasing  r^ularly,  the  upper  7  with  a  slight  revolving  ridge,  the 
lower  4  rounded;  length  22  mm.;  width  8  mm.:  upper  Mississippi  and 
valley  of  the  Great  Lakes,  usually  on  sandy  or  rocky  bottoms. 

P.  elevatnm  (Say)  (Fig.  854).  Shell  yellowish  or  greenish  in  color, 
with  a  yellowish  band  just  below  the  suture  and  two  purplish  bands 


Fig.  863  Big.  854  Fig.  855 

subuUire   (Baker).    Fig.   854 — PUurocer 
Fig.  855 — Gitniobaiia  tive9cen9  (Baker). 


Big.  853 — Plem-oowu  tuhuUtre   (Baker).    Fig.  854 — Pleurocera  eievatum   (Baker). 

^     "  "     "    livi  * 


at  the  center  of  the  whorls;  whorls  flattened,  with  revolving  ridges; 
aperture  triangulate :  chiefly  in  the  drainage  of  the  Ohio  River,  on  sandy 
or  rocky  bottoms. 

2.  CtovzoBABiB  Lea.  Shell  rather  heavy,  elongated,  with  a  long 
and  more  or  less  pointed  spire;  aperture  not  channelled:  274  species. 

O.  UvescenB  (Menke)  (Fig.  855).  Shell  pinkish,  yellowish,  or 
greenish  in  color,  often  with  two  dark  brown  bands;  surface  shining, 
with  a  slight  revolving  ridge  in  the  center  of  all  the  whorls  but  the 
last  2;  length  20  mm.;  width  9.5  mm.;  whorls  7  to  9,  rounded;  aperture 
ovate,  purple  inside;  outer  lip  very  convex  and  elongated  below:  valley 
of  the  Great  Lakes;  in  shallow  water  containing  vegetation. 

O.  Tirginica  (Gmelin).  Shell  slender,  dark  brown  in  color;  length 
30  mm.;  whorls  6,  somewhat  rounded:  Delaware  and  Schuylkill  Rivers; 

common. 

Family  12.    TUBBITELLIDAE. 

Shell  elongate,  with  a  very  long  spire  on  which  are  revolving  ridges; 
no  umbilicus ;  operculum  multispiral  and  homy ;  tentacles  long,  with 
eyes  at  their  base;  mantle  fringed,  with  a  siphon;  aperture  round, 
without  a  canal:  190  species;  marine. 
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TvBSiTZLLA  Lamarek.  Aperture  round;  shell  usually  brown,  with 
brownish  spots:  75  species;  cosmopolitan;  mostly  in  deep  water. 

T.  adcula  Stimpson.  Shell  small,  white,  and  thin,  with  10  whorls, 
6  mm.  long;  2  mm.  wide:  Cape  Cod  to  Eastport,  Maine,  in  rather  deep 
water. 

T.  yariegato  (L.).  Shell  10  cm.  long,  with  16  flattened  whorls; 
surface  variegated  with  brown  and  white:  Florida  and  West  Indies. 

Faioly  13.    VEBMETIDAE. 

Shell  tubular,  irregularly  spiral  at  the  apex,  with  the  lower  whorls 
free  and  extended;  interior  of  shell  partitioned  off  by  smooth,  concave 
septa;  aperture  round;  foot  rudimentaiy;  head  long,  with  2  conical  ten- 
tacles with  eyes  at  their  base;  2  additional  tentacles  at  the  side  of  the 
mouth;  operculum  circular,  homy;  animals  stationary:  120  species,  in 
all  temperate  and  warm  seas. 

VsBiCETirB  Adanson.  With  the  characters  of  the  family;  shell 
attached  or  free:  numerous  species. 

V.  {Vermicvlaria  Lamarck)  radicnla  Stimpson  (Fig.  866).    Spiral 
portion  with  ab>ut  8  whorls  and  12  mm.  long,  remainder  of  shell  some- 
times 20  cm.  long:  Cape  Cod  to  Florida  in  shallow  water, 
several    shells    usually    intertwined    together;    common 
towards  the  south. 

Family  14.    STBOMBIBAE. 

Shell  usually  large  and  solid,  with  a  conical  spire  and 

a  very  large  lower  whorl;  aperture  long  and  narrow;  lip 

expanded,  sometimes  forming  dig^itations,  and  with  a  deep 

856  notch  near  the  lower  edge;  foot  long  and  narrow,  with  a 

^^SUfV**         ^^^^  arched  metapodium  which  bears   the  small   claw- 

(VerriU).         shaped  operculum,  and  used  for  springing  and  not  for 

walking;  eyes  large,  at  the  end  of  a  pair  of  long  stalks; 

snout  long:  100  species,  in  tropical  and  subtropical  seas;  several  species 

in  the  West  Indies  and  southern  states. 

1.  Stboxbub  L.  Shell  ovate,  usually  with  protuberances;  lip  plain 
or  lobed:  60  species,  5  American. 

8.  gigas  L.  Conch.  Length  25  cm.  and  more;  weight  up  to  5 
pounds;  surface  roughened  and  with  protuberances;  interior  pink: 
Florida  Keys  and  West  Indies;  very  common;  used  for  food;  the  shell 
is  used  to  make  cameos  and  ornaments,  and  also  often  as  a  dinner 
horn;  the  largest  shell  on  the  Atlantic  coast  and  the  largest  moUosk 
in  the  countiy. 
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S.  pnfUls  L.  (Fig.  867).  Length  QL  cm.;  color  reddish-brown; 
8pir«  acute,  with  protnberanoes ;  interior  pink:  Cape  Hatteras  to 
Panama,  in  shallow  water. 

2.  PTEaooxRA  Lamarck.    Outer  lip  of  shell 
irith  long  flnger-Uke  processes:  10  species  in 
Pacific    and    In- 
dian Oceans. 

P.lanbis(L.). 
Finger  shell  (Fig. 
858).  Length  15 
cm. ;  6  fingers  and 
a  finger-like  si- 
phonal  canal 
present:    Indian 

Ocean;     used    as     Btrx>ml»J^-^  iKottn,). 
omaments. 

3.  ArosxKAlB  Dillwyn.  Shell  with  a 
tall  spire;  aperture  large;  lip  very  much 
thickened  and  expanded,  the  outer  lip 
being  widely  dilated :  4  Bpecies,  in  the 
North  Atlantic. 

A.  ocddantalia  Beck.  Shell  solid, 
conical,  with  9  whorls  which  have  arched, 
transverse  ridges;  outer  lip  dilated  and 
wing-like;  color  whitish;  length  6  em.; 
width  35  mm.:  Cape  Cod,  northwards, 
(Bofen).  occasionally  found  on  the  beach. 


FU .  S56— Pt«roo(r»  IomUi 


Family  15.    CYPE^rDAE. 

Shell  solid,  ovate,  very  smooth  and  polished,  and  often  br^htly 
colored;  spire  often  concealed  by  the  last  whorl,  which  is  then  as  long 
as  the  shell;  aperture  narrow  and  channeled  at  each  end;  no  operculum; 
foot  broad;  mantle  expanded  on  each  side  and  meeting  over  the  back: 
several  hundred  species,  mostly  in  tropical  and  subtropical  s 

1.  Otpbju  L.  Cowries.  Shell  ovate,  flattened 
beneath,  with  the  spire  concealed;  aperture  toothed 
on  both  sides;  outer  lip  turned  in:  200  species, 
mostly  in  the  Indian  and  Pacific  Oceans,  where  the 
beautiful  shells  are  much  used  for  ornaments.  moneta  (Huge™). 

0.  moneta  L.  (Pig.  859).  True  cowry.  Shell  yellow  to  white  in 
color;  3  cm.  long:  Indian  and  Pacific  Oceans;  very  common;  used  in 
Africa  and  other  places  as  money. 
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0.  ezantliaiift  L.  Shell  brown  in  color,  with  round  white  spots 
which  may  have  brown  centers,  and  a  mid-dorsal  yellow  band;  lip 
violet  within;  length  11  cm.:  Cape  Hatteras  to  Panama,  in  shallow 
water. 

0.  vpadicea  Chray.  Nut-brown  cowry.  Shell  dark  brown  above  and 
lighter  in  the  center;  lips  white;  length  5  cm.  or  less:  California;  not 
common. 

2.  TuvxA  Gray.  Coffee-bean  shells.  Similar  to  Cypraaa,  but  with 
transverse  ribs,  and  much  smaller:  45  species;  cosmopolitan. 

T.  califomica  Gray.  Shell  reddish-chocolate  in  color 
and  white  inside,  with  a  dozen  sharp  ribs;  length  10  mm.: 
California,  in  shallow  water. 

T.pediciiliu(L.)(Fig. 
860).  Shell  pinkish,  with 
6  black  spots  on  the  back 
and  20  mm.  long:  Florida. 

3.  Otuluk  Brugui^re.  Shell  spindle- 
shaped,  the  aperture  being  drawn  out  at 
both  ends  into  a  canal;  inner  lip  smooth; 
outer  lip  toothed  or  smoth:  75  species; 
in  tropical  seas. 

0.  ovum  (L.)  (Fig.  861).  Shell  egg-shaped,  white,  with  a  yellow 
aperture;  length  9.5  cm.:  Indian  Ocean;  used  for  ornaments. 


Fig.  860 

Trivia  pediew- 

lu9  (Rogen). 


Fig.  861 — Ovvimm  ^nmm  (Bogen). 


Familt  16.    DOLIIDAE. 

Shell  laige,  thin,  with  a  short  spire  and  a  very  large  swollen  whorl, 
and  covered  with  revolving  ridges;  operculum  wanting;  head  long  and 
wide;  proboscis  very  long;  foot  very  large:  about  30  species;  in  tropical 
seas;  shell  often  used  as  domestic  utensils. 

DoLXXrac  L.  Shell  ovate;  outer  lip  crenulated:  15  species,  4  on 
the  South  Atlantic  coast. 

D.  galea  L.  (Fig.  862).  Shell  brownish-yellow  in  color,  with 
rounded  revolving  ribs;  length  25  cm.:  Cape  Hatteras  to  Texas;  the 
West  Indies,  in  shallow  water;  Mediterranean. 


Faiolt  17.    OASSIDIDAS. 

Shell  thick,  triangular  or  fusiform;  spire  short,  partially  immersed; 
aperture  loi^  and  narrow,  terminating  below  in  a  short  curved  canal; 
columella  covered  with  a  broad  callus;  outer  lip  broad,  ribbed  within; 
operculum  homy:  60  species,  in  tropical  seas;  about  7  on  the  South 
Atlantic  coast. 
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Oabos  Lamarck.    Shell  solid,  last  whorl  very  lai^;  canal  short 

and  bent  hackwards:  37  species,  which  are  mnch  used  in  catting  cameos. 

0.  cameo  Stimpson.     Length  25  em.;  yellowish- white,  tinged  with 

yellowish-brown;  lip  and  colnmella  very  broad,  yellowisfa-cream  oolor, 

with   dark  brown   teeth  and  ridges:    North 

Carolina  to  west  Florida;  West  Indies. 


Fig.  862  Big.  ses 

Pig.  eB2~DoUvm  galta  {Rogtrm).    Fig.  863— Oiujrf*  luBeniaa  (BoEen). 

0.  tnbeiosa  (L.)  (Fig.  863).  Length  20  cm.;  surface  crossed  by 
nnmerouB  fine  grooves,  both  longitudinal  and  spiral;  color  yellow,  with 
brown  blotches;  lower  whorl  with  3  rows  of  protuberances:  North 
Carolina  to  west  Florida;  West  Indies. 

Familt  18.    TBITONIDAK 

Shell  solid,  conical  or  fusiform,  with  a  high  spire;  surface  rot^h; 
outer  lip  thickened  and  turned  in;  operculum  homy;  aperture  with  a 
canal:  150  species,  in  tropical  seas. 

Tbito>  Hontfort.    Tritons.     Shell  conical,  with  a  erennlated  outer 
lip;    whorls   roughened   by    transverse   and    longitudinal 
ridges :  100  species,  in  tropical  seas ;  the  largest  snails,  the 
shells  being  often  nsed  as  trumpets. 

T.  nodifenu  Iiamarck.  Length  45  cm.;  color  brown 
and  white ;  aperture  red :  Mediterranean  Sea,  East  Atlan- 
tic, ^dion,  and  Pacific  Oceans ;  often  used  as  a  shepherd 's 
bom  or  a  war  horn. 

T.  trttonla  (L.)   (Fig.  864).    Length  up  to  50  cm.; 
eolor   brown,    white,   and    red;    aperture    red:    Oulf   of        TrSomum 
Mexico;  Indian  Ocean.  (iicaDii). 

Subdivision  2.    HETEBOPODA. 
Pelagic,  transparent  prosobranchs  in  which  the  foot  is  a  swimmii^ 
oi^gan,  and  is  made  up  of  two  parts,  a  compressed  fln-like  structure 
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(propodimn  and  mesopodium)  which  projects  Teotrally  and  often  bean 
a  Backer,  and  a  tail  (metapodiam)  which  projects  posteriorly,  and  in 
some  forms  beara  an  opercalum;  head  large,  bearing  a  pair  of  tentacles 
with  lai^  eyes  on  short  stalks  at  their  base;  the  principal  viscera  foim 
a  sort  of  nndeus,  often  brightly  colored,  dorsally  situated  and  covered, 
in  most  cases,  by  a  transparent  shell;  sexes  separate:  abont  60  species, 
all  of  which  live  on  the  high  sea,  often  in  large  schools,  in  tropical  and 
subtropical  regions,  eating  fishes,  crostacea,  and  other  small  animals; 
2  families. 

Key  to  the  families  of  Heteropoda: 
a,  Shell  mach  too  small  to  contain  the  BDimal  and  aometinies  absenL 

1.  Ptebotbachbidai 
o.  Shell  multlBpiral,  containing  the  body 2.  Atlantiuak 

Family  1.    PTEHOTEACHEIDAE, 

Body  elongate,  cylindrical,  transparent,  naked  or  with  a  small,  ti&na- 
parent,  conical,  cap-shaped  shell  which  covers  the  small  nnelens  alone, 
and  from  which  projects  the  cteoidinm:  4  genera  and  aboat  30  specieo. 


'     '         hg'.  BOl—EiiUma  oleacea  (Verrilir. 

Oamixasia  Lamarck.  Small  conical  shell  present:  8  species  in 
tropical  and  subtropical  seas;  1  species  on  the  South  Atlantic  coast. 

0.  nMditerraaea  Piron  and  Leenenr  (Fig.  866).  Body  20  cm.  long 
or  less;  snont  violet;  foot  red:  New  Jersey  to  Florida;  West  Indies; 
Mediterranean  Sea. 

Faiqlt  2.    ATLANTIDAE. 

Shell  spiral  and  discoid  and  lai^  enough  to  roceive  the  entire 
body:  22  species,  in  2  genera. 

1.  Atlaxta  liesueur.  Shell  small,  thin,  oompressed,  with  a  promi- 
nent keel  on  the  periphery;  apertnre  narrow,  with  a  deep  notch  at  the 
keel;  operoolnm  ovate:  18  species,  6  on  the  Booth  Atlantic  eoast. 

A.  penml  Les.  (Fig.  886).  Length  8  cm.:  New  Jersey  to  Texas; 
West  Indies;  Mediterranean. 
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2.  OxYGYSVB  Benson.  Shell  milky  white,  rounded  on  the  periph- 
eiy  and  keeled  only  near  the  aperture,  which  has  no  notch :  4  species,  1 
on  the  South  Atlantic  coast. 

0.  kerandxtni  D'Orbigny.  New  Jersey  to  Texas;  West  Indies. 

Division  3.    GTMKOOLOSaA. 

Similar  to  the  T€enioglo88a  except  that  the  radula  and  jaws  are  absent : 
2  families,  both  marine. 

Key  to  the  families  of  Gymnoglossa: 

Ox  Apical  whorls  normal ;  animals  often  parasitic 1.  EmjiODAK 

Oa  Apical  whorls  sinistral 2.  PrRAHiDEixiDAa 

Faiolt  1.    EULIMIDAE. 

Shell  usually  elongate,  conical,  and  multispiral,  white  in  color  and 
polished;  foot  long  and  narrow;  proboscis  very  long,  sometimes  longer 
than  the  body;  animal  often  parasitic,  sucking  the  juices  of  its  host  by 
means  of  the  long  proboscis:  5  genera  and  numerous  species. 

1.  EuLDCA  Risso.  Shell  slender,  tall,  sometimes  bent;  operculum 
homy,  spiral:  50  species^  mostly  southern,  many  parasitic. 

E.  oleacea  Kurtz  and  Stimpson  (Fig.  867).  Shell  small,  solid, 
with  12  fattened  whorls;  color  pale  brown;  aperture  small,  oval;  length 
6  mm.;  width  1.5  mm.:  Vineyard  Sound  to  North  Carolina;  parasitic 
on  Thyone  briareus. 

2.  Sttlifek  Broderip.  Shell  thin,  transparent,  ovate  or  elongate, 
with  a  very  sharp  apex  which  is  sometimes  bent;  operculum  wanting; 
aperture  small;  tentacles  slender;  eyes  sessile:  20  species;  cosmopolitan; 
parasitic  on  or  in  the  integument  of  echinoderms,  often  producing  tumors. 

S.  stimpsoni  Yerrill.  Shell  white,  swollen,  with  4  to  5  whorls,  the 
lowest  veiy  large,  with  an  impressed  revolving  line  just  below  the 
suture;  length  3.75  mm.:  Massachusetts  to  New  Jersey;  on  Strongylo- 
centrotus. 

Familt  2.    PYBAMIDELLIDAE. 

Shell  conical,  elongate  or  ovate,  usually  small,  with  apical  whorls 
sinistral  and  excentric;  operculum  homy,  spiral;  tentacles  ear-shaped, 
joined  at  the  base;  eyes  sessile:  several  hundred  species. 

Key  to  the  genera  of  Pyramidellidae  here  described : 

Oi  Golnmella  withont  a  fold 1.  Tubbonilla 

a.  Columella  with  an  oblique  fold 2.  Odostomia 

1.  TuBBOHXLLA  Risso.  Shell  long  and  slender  and  multispiral, 
white  or  yellow,  ribbed  or  striate;  lip  incomplete:  50  species; 
cosmopolitan* 
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T.  eUgans  Yerrill  (Fig.  868).  Whorls  rounded,  with  niimerous 
longitudinal  ribs  and  fine  revolving  grooves;  color  light  yellow;  length 

9  mm.;  width  2.5  nun:  Massachusetts  Bay  to  Florida,  in 
shallow  water. 

T.    intermpta    (Totten).     Shell   veiy   slender    and 
pointed,  with  8  or  10  convex  whorls,  on  which  are  20  to 
30  ribs  crossed  by  about  14  revolving  lines:  Cape  Cod  to 
South  Carolina,  in  shallow  water;  common. 
r^VmSutf  ^  OsoBTOXZA  Fleming.    Shell  minute,  elongate,  eon- 

iVmSi),         ^^f   thin;   aperture   ovate;   columella  with   an   oblique 
fold:  100  species;  cosmopolitan. 
Key  to  the  species  of  Odoatomia  here  described : 

Qx  Surface  Bmooth. 

6j  Color  dark  brown O.  fusca 

&i  Color  glossy  white O.  TRiFmA 

6,  Color  greenish  with  a  line  under  the  suture O.  bisutukaus 

Oa  Surface   granulated O.    semiruda 

0.  binitliralis  (Say).  Shell  conical,  smooth,  light  green;  periostra- 
cum  brown,  with  a  single  revolving  line  below  the  suture;  length  5  mm.; 
diameter  2.5  mm.;  6  whorls:  Massachusetts  Bay  to  New  Jersey;  common 
under  stones. 

0.  fuflca  (Adams).  Shell  elongate,  rather  blunt,  dark  brown,  glossy, 
with  6  or  8  whorls;  6  muL  long;  1.8  wide;  umbilical  indentation  present: 
Cape  Cod  to  New  Jersey,  in  shallow  water;  common. 

0.  trillda  (Totten).  Shell  elongate;  apex  acute; 
whorls  8,  fat,  with  about  6  revolving  lines;  color  white; 
length  5  mm.;  width  2  mm.:  Massachusetts  Bay  to  New 
Jersey,  in  shallow  water;  common. 

Fig.  SOB 

O.  seminnda   (Adams)    (Fig.  869).     Shell  with  an        OtfottoMia 


acute  apex,  6  or  7  whorls,  with  coarse  revolving  lines         (VerriU). 
crossed  by  longitudinal  ones,  giving  the  surface  a  granu- 
lated appearance;  color  glossy  white;  length  4  nmi.;  width  2  mnL: 
Massachusetts  Bay  to  west  Florida;  common  in  shallow  water. 

Division  4.    BA0HiaLO88A. 

Radula  long  and  narrow,  with  3  longitudinal  rows  of  teeth  (Fig. 
870),  a  central  and  two  lateral,  each  tooth,  in  most  species,  consisting 
of  a  base  and  several  cusps;  proboscis  long  and  retractile;  siphon  dis- 
tinct and  usually  long;  operculum  usually  present,  and  always  homy 
and  non-spiral;  shell  spiral,  usually  thick,  often  with  tubercles  or 
spines;  aperture  elongate,  prolonged  below  to  form  a  siphonal  canal: 
12  families,  marine  (excepting  a  few  species);  carnivorous. 
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Key  to  the  families  of  Bachiglossa  here  deseribed: 

Oi  Shell  roQgfa,  with  ridges,  tnberdes,  or  spines. 

hi  Central  teeth  without  cnsps 2.  OoLnMBKLZJDAX 

&a  Central  teeth  with  cusps. 

Ox  Laterals  withont  cusps 1.  Mubxoidaz 

Ot  Laterals  with  2  or  8  cusps. 

di  Centrals  with  many  cusps 3.  Nasbzdab 

ds  Centrals  with  6  to  7  cusps 4.  Bucoinidab 

d.  Centrals  with  2  cusps 5.  Tubbinbllidae 

Os  Shell  smooth  and  polished. 

&i  Shell  with  a  tall  spire 6.  Mitbidae 

&a  Shell  with  a  low  spire 7.  Olividab 

Familt  1.    MX7BICIDAIL 

Shell  thiek  and  solid,  with  an  elevated  spire  with  a  rough  surface 
on  whieh  are  usually  rows  of  protuberances  or  spines;  siphonal  canal 
often  long;  eyes  aeaaile,  at  the  outer  base  of 

the  tentacles;  central  tooth  of  radula  with  ./.^  jt 

at  least  3  long  cusps  (Fig.  870, 1) ;  laterals 
without  any:  about  15  genera  and  1,000  spe- 
cies, which  are  mostly  tropical;  they  feed 
largely  on  other  moUusks,  the  sheUs  of  which  j^  STO-Eaduia  of  Mnrex 
they  are  able  to  pierce  with  the  radula  in  the  iSrT'if  ?loSaV;Tiite«t 
proboscis. 

Key  to  the  genera  of  Muricidae  here  described : 

Oi  Whorls  angular,  with  distinct  protuberances  or  spines. 

5t  Spines  and  protuberances  usually  very  prominent 1.  MUBEX 

&s  About  10  longitudinal  ridges 3.  Euplbuba 

Oa  Whorls  rounded. 

tx  Longitudinal  ridges  ^rery  distinct 2.  Ubosalpinx 

&^  ReTolying  ridges  very  distinct 4.  Pubfuba 

1.  MvBXX  L.  Spiny  rock-shelL  Shell  thick,  ovate  or  elongated; 
spire  prominent;  3  or  more  rows  of  prominent  protuberances  or  spines; 
aperture  round,  ending  below  in  a  long  canal:  about  300  species,  in 
tropical  and  temperate  seas.  It  was  largely  from  M,  trunculus  L.  and 
M.  brandaris  L.  that  the  well  known  Tyrean  or  imperial  purple  dye  of 
the  ancients  was  obtained,  a  large  mucous  gland  in  the  mantle  furnishing 
a  yellowish  secretion  which  turns  purple  on  exposure  to  the  lig^t.  The 
secretion  was  obtained  by  crushing  the  animals,  and  large  heaps  of  the 
broken  shells  of  these  two  species  may  now  be  found  where  ancient  manu- 
factories of  the  dye  existed,  M.  trunculus  being  found  principally  on  the 
Ssrrian  coast  and  M.  hrandaria  in  Greece  and  Italy. 

M.  festtTUs  Hinds.  Length  5  em.;  width  2.5  em.;  color  white; 
canal  closed:  Califomian  coast,  towards  the  south. 
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IC  pouTim  Gmelin  (Fig.  871).     Length  12  cm.;  eolor  yellowish- 
brown;  Borface  rough;  aperture  rotmd  and  jellow  in  color,  the  oater 
lip  having  3  brown  spots:  Beaufort,  N.  C, 
and  southwards;  West  Indies;  conunon. 

S.  VvMAiriMX  Stimpaon.  Shell  fufd- 
form,  snrface  roughened  by  about  12 
rounded,  longitudinal  ridges;  lip  scalloped; 
aperture  with  a  short  eanal :  20  species. 

E.  dnncns  (Say).    Oyster  drill  (Fig. 

872).     Shell  25  mm.  long,  15  mm.  wide, 

brown  or  grey  in  oolor,  brownish  within; 

whorls  6  or  6,  with  numerous  revolving  lines 

which  cross  the  longitudinal  ridges:  Florida 

to  Masaaahusetts  Bay,  and  locally  farther 

north,  also  at  San  Francisco ;  very  common 

on  oyster  beds,  being  one  of  the  worst  ene- 

J(ar«*  p^ntw^fRonn)  ™'^  "^  *''®  oyster,  which  it  kills  by  drilling 

1.  dpboDMi  math     '  a  gjmji  round  hole  through  the  sheU,  throng 

which  it  thrusts  its  long  proboscis. 

3.  EimiVBA  Adams.    SheU  fusiform;  surface  roughened  by  about 

10  longitudinal  ridges;  whorls  7  and  aognlated,  there  being  a  shoulder 

beneath  the  suture :  5  species. 

E.  caodata  (Say)   (Fig.  873).    Shell  25  mm.  long,  15  mm.  wide, 
brown  or  gray  in  color;  aperture  oval,  with  a  long  straight  canal ;  Up 


Wig.  8TS  Sic.  87S  Wig.  ST4 

Fig.  8T2— CroMlpin*  eintreut   (Tcrrlll).     1,   Blpboul   cuiaL     Fig.  8T3 — Bmpttan 
tmiSata  (V«rrUl),     Fig.  6T4--Pi>n>iira  lapiOut   (Tetrill). 

thick,  roughened  within:  Cape  Cod  to  west  Florida,  in  shallow  water; 
rather  common. 

1.  PramA  Bruguifere.  Shell  oval,  lowest  whorl  large,  with  a  lai^ 
aperture,  the  canal  being  reduced  to  a  notch  at  its  lower  end ;  colunoella 
flattened;  outer  lip  nmple:  60  species;  cosmopolitan;  several  spedes. 

P.  UpUlos  (L.)  (Fig.  874).  Shell  thick,  with  6  or  6  whorls;  spire 
•fiute;  whorls  with   deep  revolving  furrows;   lip  arched,  with   ridges 
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within  the  margin;  color  whitish,  yellowish,  or  reddish,  often  banded; 
length  30  nun.;  width  17  nun.:  eastern  end  of  Long  Island  to  Green- 
land, in  shallow  water  on  rocks;  common,  feeding  on  oysters  and  other 
moUusks;  Europe. 

Familt  2.    OOLUMBELLIDAE. 

Shell  conical,  elongate,  covered  by  a  periostracum;  aperture  narrow, 
elongated,  terminating  below  in  a  notch ;  lip  thick,  crenulated  or  toothed 
within;  operculum  very  small;  central  tooth  of  radula 
without  cusps;  laterals  with  2  or  3  cusps:  1  genus. 

CoLxncBELLA  Lamarck.    With  the  characters  of  the 
family:  300  species,  mostly  subtropical. 

0.  {Astyris  Adams)  InnaU  (Say)   (Fig.  875).     Shell 
small,  with  6  whorls;  surface  rather  flat,  smooth,  with  a        Coliiiii5eilo 
single  revolving  line  and   a  few  near  the  base;  color         (Verriu). 
brownish,  with  2  or  3  series  of  crescentic  yellow  spots  on 
the  lower  whorl;  length  5  mm.;  width  2.5  mm.:  Massachusetts  Bay  to 
Florida,  in  shallow  water;  common. 

0.  {AfMchis  Adams)  avara  Say.  Shell  small,  with  6  whorls;  surface 
rather  flat,  yellowish  in  color,  blotched  with  brown;  lowest  whorl  with 
10  to  15  longitudinal  ridges  crossed  by  revolving  lines;  length  12  mm.; 
width  5.5  mm.:  Cape  Cod  to  Florida,  in  shallow  water;  not  so  common 
las  C,  lunata. 

Family  3.    NASSIDAE. 

Mud  snails.  Shell  small,  conical  or  ovate,  with  an  elevated  spire, 
thick  and  solid ;  aperture  round  or  oval,  ending  below  with  a  short  canal 

or  a  notch;  columella  with  a  callus;  outer  lip 
thickened,  toothed  or  erenate;  operculum  homy; 
central  teeth  of  radula  with  many  cusps ;  laterals 
with  2  large  and  several  small  ones:  175  species. 
Nassa  Lamarck.  Foot  square  in  front,  bi- 
furcate behind  or  not;  operculum  with  a  serrate 
Fig. 876       Fig. 877        or  plain  margin:  130  species;  cosmopolitan;  in 

iv2€\.?7ft~^***o^?^      shallow  water;  they  are  scavengers,  but  are  also 
^asta  oh8oieta  (Verrtii).     predacious,  destroying  mollusks  after  the  manner 

of  the  oyster  drill. 
N.  vibex  Say  (Fig.  876).  Shell  conical,  with  6  whorls;  sutures  not 
impressed ;  surface  of  body  whorl  with  about  12  undulating,  longitudinal 
ridges  and  12  revolving  lines;  color  whitish  or  brown,  with  a  revolving 
darker  band;  foot  bifurcate  behind;  length  12  nun.;  diameter  8  mm.: 
Cape  Cod  to  Gulf  of  Mexico;  common  south  of  Cape  Hatteras;  West 
Indies. 
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K.  (TrUia  Risso)  trlTitlata  Say.  Shell  eonieal,  with  7  whoils; 
sutures  impressed,  with  a  shoulder  below;  surface  with  numerous  longi- 
tudinal and  revolving  creases  dividing  it  into  series  of  large  granules; 
foot  bifureate  behind;  color  greemsh-white,  often  with  brown  revolving 
bands,  white  within;  length  18  mm.;  width  8  mm.:  Florida  to  Gulf  of 
St.  Lawrence;  common. 

K.  (llyanassa  Stimpson)  obsoleta  Say  (Fig.  877).  Shell  coniealy 
with  6  whorls,  the  lower  one  being  large;  surface  covered  with  numerous 
longitudinal  and  revolving  creases,  giving  it  a  reticular  appearance; 
foot  not  bifurcate  behind;  margin  of  operculum  not  serrate;  color  brown, 
purple  or  black  within;  length  25  mm.;  width  12  mm.:  Gulf  of  St.  Law- 
rence to  west  Florida;  the  commonest  snail  south  of  Cape  Cod. 

Pamilt  4.    BUCJCINIDAE. 

Shell  usually  thick  and  ovate  or  pear-shaped,  with  a  conical  spire 
and  a  large  lower  whorl ;  aperture  usually  large,  ending  below  in  a  wide 
notch  or  a  short,  wide  siphonal  canal;  central  tooth  of  radula  with  5 
to  7  cusps ;  laterals  with  2  or  3 :  over  1,100  species. 

Key  to  the  species  of  Buccinidae  here  described : 

Oi  No  distinct  canal 1.  Buocinuk 

o.  Distinct  canal 2.  Neftuhea. 

1.  BiroonnJK  L.  Whelks.  Shell  covered  with  a  homy  perio8tr»- 
cum;  aperture  with  a  wide  notch  at  the  lower  side  and  about  as  long  as 
the  spire:  30  species,  in  colder  waters. 

B.  nndatum  L.  Shell  with  6  whorls  and  gra3dsh  in  color,  with  about 
12  prominent  crescentic  or  oblique  longitudinal  ridges,  which  disappear 
towards  the  tip  and  are  crossed  by  numerous  raised  revolving  lines; 
aperture  oval,  usually  yellow,  but  sometimes  white  within;  length  60 

mm. ;  width  35  mm. :  New  Jersey  to  Greenland,  from  low 

to   deep  water;   common  north  of  Cape  Cod;    Europe, 

where  it  grows  larger  than  here,  and  is  a  common  article 

of  food,  and  is  also  used  extensively  as  bait  for  cod. 

2.  NznnnrsA  Bolton  (Chrysodomus  Swainson).   Shell 

Fig.  878  fusiform,  covered  with  a  homy  periostracum;  spire  ele- 

pygmma  vated ;  aperture  oval,  shorter  than  the  spire,  with  a  short 

canal,  white  or  yellowish  in  color:  circumpolar,  about  15 

species  on  the  Atlantic  coast,  mostly  in  deep  water. 

K.  pygmaa  (Gould)  (Fig.  878).  Shell  with  an  elevated  spiiB,  with 
6  whorls  and  a  small,  elongate  aperture,  ending  below  in  a  rather  long 
canal;  perioetracum  hirsute;  length  20  mm.:  Long  Island  Sound  to  the 
Gulf  of  St.  Lawrence,  in  10  to  640  fathoms. 
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K.  decemcostata  (Say).  Shell  with  6  whorls,  with  10  rounded  re- 
volving ridges  on  the  lower  whorl  and  2  on  the  upper;  eolor  white; 
ridges  horn-colored;  length  75  mm.;  width  45  mm.:  Cape  God  and 
northwards,  in  rather  deep  water,  often  thrown  up  on  the  beach. 


Family  5.    TUBBINELLIDAE. 

Shell  fusiform  or  pear-shaped;  aperture  elongate,  with  a  long 
siphonal  canal;  central  tooth  of  radula  with  3,  laterals  with  2  cusps: 
about  8  species  on  the  Atlantic  coast. 

1.  BVSTOOV  Bolton  (Fulgur  Montfort).     Conchs.     Shell  large,  with 
a  short  spire  and  a  very  large  lower  whorl,  which  tapers  below  into  a 
long   twisted    canal; 
aperture    large ;    outer 
lip   thin   and   smooth; 
whorls  6:  5  species  on 

the    eastern    coast    of     **>«•   879— Egg    capsuleB   of  Bu9yeon  canaUoulatum 

(Rogers). 

the  United  States;  egg 

capsules  lens-shaped,  about  25  mm.  wide,  attached  in  a  row  to  a  common 

chord  (Fig.  879). 

K^  to  the  species  of  Busy  con  here  described: 

Oi  No  sutnral  canal. 

&i  Shell  dextral B.  oabiga 

^  Shell  ainiatral B.  fbbvebsum 

Oa  Revolying  canal  at  suture B.  canalioulatum 

B.  carica  (L.).    Shell  thick,  solid;  spire 

conical,    with    a    fattened    surface    and    a 

r^.  ...:-^^  revolving     series     of     prominent     tubercles 

^<^>^?/.v^^^^^^B^         above  the  suture;  length  22  cm.;  width  11 

"  f^V^^^^^^Han       ^™*^  color  gray  or  brownish:    Cape  Cod  to 

'^ ''''<^V^^^HH9       the  Gulf  of  Mexico,  in  shallow  water;  com- 

:f>.^a^BiBK3i       mon,    especially    towards    the    south;     the 

largest  shell  on  the   coast  except  Stronibus 
gigoB. 

B.  Gaaalicnlatnm  (L.)   (Fig.  880).    Shell 
thin,-  covered   with   a   hirsute  periostracum, 
1''^  VIH  and  with  a  deep,  broad  canal  at  the  suture; 

Fig.880~Biwco»caiw«oi#.     ^^^^  ^  ^'5  color  brownish,  with  numer- 
VrSphoiafSnaV.  ^^*  revolving  lines:   Cape   Cod  to  Gulf  of 

Mexico,  in  shallow  water;  very  common. 
B.  perversum  (L.).    Shell  similar  to  B.  carica,  but  sinistral:  Cape 
Hatteras  to  Texas;  West  Indies. 
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Family  6.    MITBIDAE. 

Shell  smooth  and  poliBhedy  elongate,  conical,  with  a  high  spire  and 
a  small,  narrow  aperture;  columella  with  folds:  several  hundred  spedesi 
in  tropical  seas. 

MXTXA  Lamarck.  Shell  thick;  outer  lip  thick  and  smooth  within: 
200  species,  including  many  beautiful  shells  which  are  used  as  ornaments. 

M.  papalis  (L.).  Papal  mitre.  Length  13  cm.;  a  revolving  row  of 
tooth-like  folds  on  the  suture;  color  white,  with  irregular  red  spots: 
Indian  Ocean;  often  used  as  ornaments. 

M.  swainsoni  Broderip  (Fig.  881).  Length  8  cm.;  surface  with 
numerous  fine  revolving  stripes:  North  Carolina  and  southwards. 

Family  7.    OLIVIDAK 

Shell  brightly  colored  and  polished  and  elongate,  with  a  short  s|nre 
sometimes  more  or  less  covered  by  a  callous  deposit,  and  a  veiy  large 

lower  whorl  which  makes  up  the  greater  part 
of  the  shell;  aperture  long  and  narrow;  oper- 
culum often  wanting:  about  250  species,  mostly 
subtropical 

L  Olita  Brugui^re.  Shell  almost  cylindric- 
al; columella  with  folds;  no  operculum;  foot 
large,  partly  enveloping  the  shell:  150  species. 
O.  litteraU  Lamarck   (Fig.  882).     Shell 
slender,  tapering  towards  both  ends,  6  em. 
Fig.  881  Fig.  882  long,  whitish  in  color,  with  spiral  bands  of 

Fig.  881— Jritra  aiaUnsonl     brown  markings;  aperture  lined  with  violet: 
(Dall).    Fig.  882 — OHva         ^^       ,     ^^       ,.  ^        .™.  .™. 

litterata  (Rogers).  North  Carolina  to  Key  West;  West  Indies; 

on  sandy  beaches. 

2.  OUTXXXa  Swainson.  Shell  small;  spire  taller  than  in  OUna; 
suture  caniculated;  operculum  present;  tentacles  and  eyes  absent:  31 
species. 

0.  mutica  (Say).  Rice  shell  (Fig.  883).  Shell  fusi- 
form, 12  mm.  long;  color  whitish,  with  wavy  brown  bands 
on  the  lower  whorl;  aperture  half  the  length  of  the 
shell:  North  Carolina  to  Florida;  West  Indies;  on  sandy 
beaches.  ^U^,^ 

8.  Habfa  Lamarck.    Harp  shell.    Shell  large,  with         {S^Sii. 
a  large,  bulging  lower  whorl  and  with  prominent  longi- 
tudinal ribs;  foot  large;  radula  absent  in  the  adult;  aperture  large;  no 
operculum:  9  species,  in  tropical  seas,  but  not  in  the  Atlantic. 
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H.  TSStricofla  Lam.    (Fig.  884).    Length  12  cm.;  coler  browniah, 
with  square  spots  of  purple  forming  broad  spiral  bands  on  the  whorls; 
between   the   ribs   are   scallops   of  lig^t  and   dark 
brown:  Lidian  Ocean;  often  used  as  an  ornament. 

Division  5.  TOZOQIASBA. 
Radula  long  and  narrow,  with  2  rows  of  long 
teeth,  which  are  the  marginals,  the  centrals  and  lat- 
erals being  ebseat;  proboscis  with  a  poison  gland; 
siphon  distinct;  aperture  either  notched  below  or  pro- 
longed to  form  a  siphonal  canal;  shell  spiral:  4  fami- 
lies, all  marine,  and  mostly  carnivorous,  the  animals 
feeding  largely  on  molluske  which  the;  kill  by  means  Pis.  B84 

of  their  long  teeth  and  the  poison.  (Bosen). 

Key  to  the  families  of  Toxoglossa: 

a.  Shell  a  rereraed  cone 2.  ConiDU 

o.  Shell  not  a  reversed  cone. 
b.  Shell  with  a  tall  spin. 

c,  Aperture  pndine  below  with  a  notch 1.  Tebisbidae 

c.  Aperture  channelled  below  notched  above 3.  PLEUBOTOlfmAB 

bi  Shell  more  or  less  ovate 4.  CAncxLUBUDAE 

Faiolt  1.    TEBEBBIDAI!. 

Shell  elongate,  with  a  very  tall  acute  spire  and  with  flattened 
whorls;  aperture  small,  with  a  deep  notch  below;  operculum  homy; 
tentacles  short,  wide  apart,  with  eyes  at  their  tips  or  wanting:  1  genns. 

TsBEBSA  Lamarck.  With  the  characters  of  the  family :  200  species, 
mostly  tropical. 

T.  dislocata  Say.  Shell  44  mm.  long,  8  mm.  wide;  color  brownish 
or  yellowish,  with  a  pale  revolving  band  and  numerous  minnte  revolving 
lines;  whorls  13,  with  15  to  IS  ribs  on  each  and  numerous  minute  revolv- 
ing grooves:  Uaryland  to  Texas  and  in  the  West  Indies;  in  shallow 
water. 

f  AMiLT  2.    CONIDAE. 

Shell  thick,  conical,  witb  a  low,  flattened  spire  and  a  very  large 
lower  whorl  which  tapers  towards  the  lower  end;  surface  often  smooth 
and  brightly  colored;  aperture  long  and  narrow;  operculum  present  or 
absent;  proboscis  long;  siphon  short  and  thick:  nnmerona  species,  mostly 
tropical,  many  very  beautifnl. 

OoMTJs  L.    With  the  characters  of  the  family :  300  species. 

0.  califomiciu  Hinds.  Spire  without  protuberances;  color  of  shell 
white,  of  periostracum  chestnut;  latter  sometimes  hirsute;  length  25 
mm. :  California,  towards  the  south. 
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0.  floridasna  Oabb.  Spire  rather  Ugh;  color  jellowish,  streaked 
with  hroken  linee  of  brown  spots;  length  6  em.:  Gape  Hatteras  to 
Florida. 

0,  maimontu  L.  (Fig.  886).  Spire  low;  color  daik  brown,  with 
large  triangolar  white  spots;  lei^b  12  cm.:  Indian  and  Pacific  Oceans; 
common  in  eoUectiona. 

Faiolt  8.    PLEVBOTOUIDAE. 
Shell  elongate,  vith  a  tall  ^re;  lower  whorl  prolonged  to  form  a 
long  canal;  aperture  narrow  and  long;  onter  lip  thin,  with  a  noteb  near 


the  upper  end;  operculum  homy,  Bometimes  absent;  ejes  at  the  base 
of  the  tentacles ;  siphon  long :  650  species ;  cosmopolitan ;  mostly  in  deep 
water  and  towards  the  south. 

Bbla  Leach.  Shell  fnsiform  and  thin;  canal  short;  notch  of  onter 
lip  small  or  wanting;  operculum  pointed  at  both  ends;  aperture  short: 
northerly  in  distribution. 

B.  barpnlaiia  (Couthouy)  (Fig.  886).  Shell  with  6  or  8  wborls, 
which  have  a  shoulder  just  beneath  the  suture;  brownbh-piuk  in  color 
and  with  rounded  longitudinal  ribs  which  are  crossed  by  fine  revolving 
lines ;  length  16  mm. ;  width  8  mm. :  Long  Island  Sound  to  Nova  Scotia, 
in  rather  deep  water. 

Faiolt  4.    CAMCELLABIIDAE. 

Shell  ovate  or  elongate,  with  longitudinal  and  revolving  ridges  and 
grooves;  aperture  elongate,  prolonged  below  to  fonn  a  siphonal  canal; 
colnmella  with  spiral  folds;  outer  lip  ribbed  within;  no  opercolnm:  80 
speciee. 

Oamozllaxia  Lamarck.  Shell  cancellated,  reticulated  or  ribbed; 
columella  with  prominent  folds;  canal  rather  short;  onter  lip  balgii^: 
70  spedcfi,  in  warm  seas. 
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0.  reticQlato  (L.)  (Fig.  887) .     Shell  6.5  cm.  long  and  banded  with  yel- 
low, white,  and  brown :  Gape  Hatteras  to  west  Florida,  in  shallow  water. 

Class  4.    PELEOTPODA.*    (Lamellibbanghiata.) 

Symmetrical  moUnsks  with  a  double  or  bivalve  shell  and  mantle, 
and  without  a  head  (Fig.  740,  C). 

External  Structure,— The  compact  visceral  mass  is  compressed  later- 
ally and  the  two  lobes  of  the  mantle  extending  downwards  from  the 
back  entirely  enclose  both  it  and  the  foot.  When  the  animal  moves 
about  the  foot  is  extended  between  the  edges  of  the  mantle  (Fig.  888, 1). 
The  hinder  part  of  the  mantle  lobes  controls  the  inflow  and  the  outflow 
of  water  between  the 
mantle  cavity  and  the  out-  ti 

side.  In  some  of  the  more 
primitive  bivalves,  espe- 
cially such  as  are  sessile, 
as  the  oyster,  this  func- 
tion is  but  little  localized, 
a  current  flowing  out  of 
the  mantle  cavity  in  the 
region  of  the  anus  and  one 
flowing  into  it  at  other 
portions  of  its  hinder  and 
lower  borders  (Fig.  888). 
In  most  bivalves,  how- 
ever, the  hinder  margins 
of  the  mantle  are  highly 


Fig.  888 — Diagrams  showing  the  formatioii  of  the 
siphons,  the  anterior  end  in  each  figure  being 
towards  the  left  and  the  dorsal  side  bdng  above. 
A,  mantle  open  and  no  definite  siphons ;  B,  mantle 
open  and  incomplete  siphons;  C.  cloacal  siphon 
complete;  D,  both  siphons  complete  bat  not  ex- 
tended ;  B,  siphons  extended  and  mantles  Joined 
ventrally ;  F,  mantles  completely  Joined,  leaving  a 
narrow  space  for  the  foot  and  one  for  the  byssns 
(Lang).  1,  foot:  2,  left-hand  mantle;  3,  right- 
hand  mantle ;  4,  cloacal  siphon ;  6,  branchial 
siphon ;   6,  byssus  opening. 


modified,  and  are  closely 

applied  to  each  other,  leaving  two  openings  which  are  called  siphons; 
through  the  lowermost  of  these,  which  is  called  the  branchial  or 
incurrent  siphon,  water  flows  into  the  mantle  cavity,  bringing  the 
microscopic  food  of  the  animal  and  the  air  needed  for  respiration,  and 
through  the  uppermost,  which  is  called  the  cloacal  or  excurrent  siphon, 
it  flows  out,  conveying  the  exhausted  respiratory  water  with  the  excre- 
ment and  often  the  genital  products.  In  very  many  pelecypods  the 
posterior  mantle  edges  forming  the  siphons  are  not  merely  applied  to 
each  other  but  are  fused  together  and  extended  in  the  form  of  tubes. 
Fusion  has  also  taken  place  to  a  greater  or  lees  extent  along  the  entire 
edge  of  the  mantle  in  the  higher  bivalves,  a  small  slit  only  being  left 
for  the  foot  (Fig.  888). 

*  See  "The  MoUnsca  of  the  ChicaKo  Area ;    The  Pelecypoda/'  by  F.  C.  Baker, 
The  Natural  History  Survey,  Bull.  No.  Ill,  Pt.  1,  1898. 
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The  shelly  like  the  mantle,  consists  of  two  parts  or  valves,  which 
are  joined  together  dorsally  and  open  ventraily  to  permit  the  edges  of 
the  mantle,  the  siphons,  and  the  foot  to  be  protruded.    The  shell  is 
invariably  present,  but  may  be  rudimentaiy;  the  two  valves  are  not 
always  S3rmmetrical,  and  vary  much  in  thickness  in  the  different  species. 
The  outer  layer  or  periostracum  ia  thin  and  non-calcareous  and  is  often 
wanting.    The  inner  or  mother-of-pearl  layer  shows  a  play  of  colors  in 
many  species,  due  to  the  refraction  of  light  by  the  delicate  horizontal 
plates  of  which  it  is  composed,  which  often  gives  the  shell  commercial 
value.    Pearls  are  cysts  of  mother  of  pearl  which  have  formed  around 
foreign  objects,  usually  larval  trematode  worms,  which   have   lodg<^ 
between  the  mantle  and  the  shell    The  middle  or  columnar  layer  is  usu- 
ally thick.     The  mother-of-pearl  layer  is  de- 
posited by  the  general  surface  of  the  mantle. 
The  other  two  layers  are  formed  by  its  margin, 
and  hence  show  concentric  lines  of  growth. 
These  lines  are  grouped  around  the  umbo  or 
beak  at  the  dorsal  margin  of  the  shell,  which 
is  the  oldest  part  of  it,  and  often  prominent, 
and  often  projects  forwards.     In  front  of  it 
is,    in    certain    bivalves,    a   heart-shaped    de- 
pressed area  called  the  lunule   (Fig.  889,4). 
The  two  valves  of  the  shell  are  held  together 
by  a  more  or  less  elastic  band  called  the  liga- 
ment (2),  which  is  usually  external  and  con- 
sists of  two  distinct  parts,  the  outer  portion 
or  ligament  proper  and  the  internal  portion 
or  cartilage,  the  latter  being  very  elastic  and 
composed  of  parallel  fibers. 
Beneath  the  umbo  is  the  hinge,  which  is  usually  composed  of  inter- 
locking teeth  in  the  two  valves.    These  teeth  are  distinguished  as  cardi- 
nals and  laterals,  the  former  (7)  being  immediately  beneath  the  umbo; 
the  latter  often  consist  of  long  ridges  and  are  called  the  posterior  lat- 
erals (8)  when  they  are  behind,  and  the  anterior  laterals  (6)  when  in 
front  of  the  umbo.    The  inner  surface  of  each  valve  shows,  often  promi- 
nently, a  number  of  impressions  caused  by  the  attachment  of  muscles  in 
the  shell.    These  are  the  adductor  muscle  impressions  (1  and  5),  of 
which  there  are  either  one  or  two,  the  much  smaller  impressions  of  the 
siphonal  and  pedal  retractor  muscles,  and  the  palUal  line  (9).     The  lat- 
ter is  a  broad  line  which  connects  the  anterior  and  posterior  adductor 
impressions  and  represents  the  points  where  the  numerous  retractor 
muscles  of  the  margin  of  the  mantle  are  inserted;  it  is  often  indistinct. 
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being  toward  the  right,  and 
the  dorsal  side  above  (Cam- 
bridge Natural  History).  1, 
osterior  adductor  muscle 
mpresslon ;  2,  ligament ;  H, 
umbo ;  4,  lunule :  6,  anterior 
adductor  muscle  impression ; 
6,  anterior  lateral  teeth  ;  7, 
cardinal  teeth ;  8,  posterior 
lateral  teeth  ;  0,  pallial  line ; 
10,  pallial  Binus, 
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The  siphoDal  moscle  impreseion  is  present  only  in  shells  possessing  elon- 
gated, retractile  siphons,  and  is  situated  beneath  or  behind  the  po3t«rior 
adductor  impression,  where  it  forms  a  more  or  less  prominent  forward 
bend  or  angle  in  the  paltial  line,  which  is  called  the  pallial  sinus  (10). 

The  two  valves  of  the  shell  are  closed  by  the  two  powerful  adductor 
muscles  above  mentioned,  which  are  attached  to  their  inner  surface;  in 
a  large  number  of  pelecypods  bnt  one  moscle  is  present,  the  anterior 
adductor  being  wanting.  When  the  adductors  are  relaxed  the  elasticity 
of  the  hinge  ligament  canses  the  shell  to  open.  Other  muscles  which 
are  attached  to  the  shell  extend  the  foot  and  the  siphons. 

The  mantle  cavity  contains  the  ctenidia  or  gills,  which  are  usually 
plate-like  structures  attached  along  their  dorsal  margins,  two  gills  lying 
usually  on  each  side  (Fig.  8B0,  C).     In  the  simplest  pelecypods  (Fig. 
890,  A),  however,  a  pair  of  bipinnate  ctenidia  similar  to  those  of  gas- 
tropods is  present.     At  the   forward  end  of  the  visceral  mass  in  the 
median  line  is  the  mouth 
(Fig.  740,  C).    It  is  with- 
out jaws  or  radula,  and 
on  each  side  of  it  are  two 
ciliated   flaps  called   oral 
palps  (Fig.  904),  the  cilia 
of  which  cause  small  food  ~  ~ 

.  ,  ,  Fig.  890— Dtagnmn  of  pelecfpod  glllB.    A,  Prolo- 

particles,      more      or     less  hranc/Hata;    B.   FiUbrancfUata ;   C,    SdlofnelKIinui^ 

.  ,  chiata;    D,    Heptibranchiata     (Lang).      1.    mantle  i 

immersed     in     mucus,     to  2,  itscpral  mass :   3.  asceodlDs  lamella  o(  gill ;   4, 

.    ,      ,,  .       m  deaceuiJlag  lamella  o(  Bl'l. 

pass  into  the  mouth.    The 

anus  is  at  the  hinder  end  and  opens  into  the  dorsal  or  doaeal  portion 
of  the  mantle  cavity.  The  foot  is  venting  in  some  pelecypods,  but  in 
most  of  them  it  is  a  wedge  or  tongue-shaped  structure;  the  most  primi- 
tive forms  have  a  disc-like  sole  like  the  gastropods.  Very  many  pelecy- 
pods secrete  a  tot^h,  stringy  substance  from  a  gland  in  the  foot  called 
the  byssus  (Fig.  89S,  5),  by  means  of  which  they  attach  themselves  to 
stationary  objects,  becoming  thus  fixed  in  one  place.  In  many  forms 
which  are  without  it  as  adults,  the  byssus  is  present  in  the  larva.  Many 
bivalves  attach  themselves  permanently  by  cementing  one  of  the  valves 
to  some  other  object  or  by  boring  cavities  into  clay,  rock,  or  wood,  from 
which  they  cannot  escape. 

Inlental  Structure  (Fig.  904). — The  mouth  is  without  salivary  glands 
and  is  joined  by  a  short  <e8ophagns  with  the  large  stomach.  Surround- 
ing  this  organ  is  the  voluminous  liver.  The  intestine  (Fig.  740,  C)  is  a 
long  tube  which  winds  about  in  the  visceral  mass,  to  the  dorsal  side  of 
which  it  finally  ascends,  where  it  passes  backwards  through  the  ventricle 
of  the  heart  (except  in  the  oyster,  and  certain  others)  to  the  anus.    At 
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the  forward  end  of  the  intestine  is  usually  a  tubular  pocket,  whieh  opens 
into  the  stomach  in  some  forms,  containing  a  crystalline  rod  of  unknown 
function.  The  heart  consists  of  a  muscular  ventricle  and  a  pair  of 
auricles  which  receive  the  blood  which  has  just  passed  through  the  gills. 
The  kidneys  are  paired,  each  opening  into  the  pericardium  and  also 
into  the  mantle  cavity.  Additional  excretory  glands  are  the  organs 
of  Keber,  which  are  a  pair  of  glandular  organs  arising  either  from 
the  walls  of  the  auricle  or  the  pericardium;  they  are  wanting  in 
the  Protobranchiata.  Three  pairs  of  widely  separated  nerve  ganglia 
characterize  most  bivalves,  the  cerebral  ganglia,  just  above  the  mouth, 
the  pedal  ganglia  in  the  foot,  and  the  visceral  ganglia  at  the  hinder  end 
of  the  visceral  mass;  the  cerebral  ganglia  are  joined  with  each  of  the 
other  pair  by  a  pair  of  connectives. 

In  correlation  with  their  sluggish  habits,  the  special  sense  organs 
of  the  bivalves  are  poorly  developed.  A  pair  of  osphradia,  which  are 
supposed  to  be  olfactory  organs,  are  present  at  the  base  of  the  gills  near 
the  posterior  adductor  muscle.  Tactile  cells  are  often  present,  especially 
upon  the  siphons  and  the  edge  of  the  mantle.  Eyes  are  usually  absent 
but  are  present  in  a  number  of  forms.  Pecten  possesses  hi^ly  developed 
eyes,  which  are  on  projections  at  the  edge  of  the  mantle.  Area  has  com- 
pound eyes,  similar  to  those  of  arthropods.  A  pair  of  lithocysts  occurs 
in  the  foot. 

The  gonads  are  branched  organs  which  open  into  the  mantle  cavity 
at  the  base  of  the  gills.  In  the  Protobranchiata  and  certain  other  primi- 
tive forms  the  gonads  open  into  the  kidneys,  but  in  most  bivalves  dis- 
tinct genital  ducts  are  present.  The  sexes  are  usually  separate,  but 
hermaphroditism  is  not  uncommon.  Ova  and  sperm  are  extruded  into 
the  water,  where  fertilization  takes  place.  Special  eg^  capsules  are 
not  formed ;  in  the  Unionidae^  however,  the  eggs  are  taken  into  the  water 
tubes  usually  of  the  outer  and  in  the  Cyrenidae  into  those  of  the  inner 
gills,  where  they  are  protected  until  they  hatch. 

Distribution  and  Habits, — ^Peleeypods  are  all  aquatic,  and  mostly 
marine  animals  which  live  in  great  part  in  shallow  water  along  the  mar- 
gins of  the  continents.  They  vary  in  size  between  the  gigantic  Tridacna 
gigas  of  the  Pacific  Ocean,  the  shells  of  which  may  be  a  meter  and  more 
long  and  weigh  250  kilograms,  and  the  minute  fresh  water  Pisidium  or 
SpJueriutn,  which  may  measure  only  a  few  millimeters  in  length.  Most 
of  them  creep  slowly  about  on  the  wedge-shaped  foot,  some  can  spring 
(Cardiutn),  while  some  move  by  squirting  water  from  the  siphons 
(Ensis).  Pecten  swims  rapidly  by  clapping  the  shells  together.  The 
food  consists  of  minute  animals  and  plants,  which  are  drawn  into  the 
mouth  by  the  cilia  of  the  oral  palps.    Very  many  bury  themselves  in 
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the  sand  or  mud  or  bore  into  clay,  wood,  or  rock,  with  only  the  tips  of 
the  siphons  extending  into  the  water,  and  are  then  protected  from  their 
enemies.  Others  protect  themselves  from  predacious  fish  by  fastening 
themselves  to  some  other  object  by  means  of  their  byssus,  or  cementing 
the  shell  to  a  rock  or  stone. 

Bivalves  are  nseful  to  man  in  a  variety  of  ways.  Many  are  impor- 
tant articles  of  food,  the  oyster  and  cUm  being  raised  artificially  for 
this  purpose.  The  shells  of  numerous  species,  especially  the  large  fresh- 
water mussels,  are  used  for  making  buttons  and  other  things,  and  pearls 
are  probably  the  most  valuable  single  objects  obtained  from  any  animal 
whatsoever. 

History.— The  term  bivalve  was  employed  by  Linnieus,  in  whose 
system  of  classification  the  Bivalvia  were  a  subdivision  of  the  Testeicea, 
one  of  the  four  divisions  of  Vermes,  Cuvier  called  the  group  the  Aceph- 
ala,  and  included  in  it,  besides  the  bivalves,  tunicates,  brachiopods, 
and  cirripeds.  Blainville  named  bivalves  the  LamelUbranehiata  (1816), 
a  name  which  has  had  the  greatest  vogue  of  any  of  the  numerous  named 
given  to  this  group,  down  almost  to  the  present  time.  In  1818  Lamarck 
called  them  the  Conckifera,  and  in  1821  Ooldfuss,  the  PeUcypoda,  The 
latter  name  was  revived  by  Tryon  (1884)  and  Fischer  (1885),  and  has  in 
the  past  few  years  almost  entirely  supplanted  the  others. 

The  main  subdivisions  of  the  class,  in  the  older  books,  were  usually 
based  upon  the  presence  and  form  of  the  siphons  or  the  adductor  muscles, 
but  at  the  present  time  the  system  proposed  by  Pelseneer  (1888),  the 
basis  of  which  is  the  structure  of  the  gills,  is  universally  adopted. 

The  PeUcypoda  contain  about  11,000  species  grouped  in  5  orders, 
of  which  a  fifth  inhabit  fresh  water;  about  15,000  fossil  species  are  known. 

Key  to  the  orders  of  PeUcypoda: 

Ot  Gills  not  lamellar  but  pinnate  (Fig.  890,  A),  and  in  the  hinder  part  of  the 
mantle  cavity ;  foot  with  a  creeping  surface ;  pallial  sinus  present  or 
absent  (Fig.  889, 10) ; 1.  PB0T0BRANCHiAT3t 

a,  GUIs  composed  of  rows  of  parallel  filaments  (Fig.  890,  B)  ;  no  pallial 

sinus ;  byssus  well  developed 2.  Filibbanchiava  - 

a.  Gill  filaments  joined  together ;  no  pallial  sinus ;  bat  one  mascle. 

3.  PSEUDOLAMELLIBBANGHIATA 

o«  Gill  filaments  completely  joined,  forming  a  continuous  surface  (Fig. 
890,    C)  ;    pallial    sinus    usually    present    (Fig.    889,    10)  ;    most 

pelecypods 4.    E3ULAMELLIBBAN0HIAnk   ■ 

Ot  Gills  absent ;  pallial  sinus  present 5.  Septibbanchiatul., 

Order  1.    PBOTOBBANOHIATA. 

Gills  (Fig.  890,  A)  consisting  on  each  side  of  an  axis,  to  which  are 
attached  2  rows  of  short,  flat  leaflets  projecting  backwards  freely  into  the 
mantle  cavity ;  foot  more  or  less  of  a  flat  creeping  sole  often  surrounded 
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by  a  fringed  margin;  gonads  open  into  the  kidneys;  2  adductor  moseles; 

mantle  either  open  below  or  closed;  siphons  either  absent  or  present:  2 

families,  both  marine. 

Key  to  the  families  of  Protobranchiata: 

Oi  Hinge  with  teeth 1.  NucuLm&B 

Oa  Hinge  toothless 2.  SoLXimnAB 

Faiolt  1.    NUCULIDAE. 

Shell  equivalve,  oval  or  triangular,  i>early  within;  hinge  with  great 
numbers  of  saw-like  teeth,  interrupted  by  a  central  pit  for  the  ligament, 
which  is  either  external  or  internal;  mantle  open  below;  no  byssus;  oral 
palps  very  large,  with  a  posterior  appendage:  about  40  species  on  the 
Atlantic  coast,  mostly  in  deep  water. 

Key  to  the  genera  of  Nuculidae  here  described: 

Ox  No  siphoDB ;  hinder  part  of  the  shell  not  prolonged  and  without  pallial 

sinus .1.   NucuLA 

Ot  Siphons  and  pallial  sinus  present ;  hinder  part  of  shell  prolonged. 

hx  Pallial  sinus  large 2.  You>ia 

ht  Pallial  sinus  small 3. 


1.  NvouLA  Lamarck.  Shell  oval,  somewhat 
gigttk  ^(^k  triangular,  with  a  short  posterior  side;  periostra- 
\qJ^        ^^        cum  olive;  foot  used  for  burrowing:   70   species, 

Fig.  891      Fig.  892      cosmopolitan. 

Fig.  Bdi—yucuia  N.  prozima  (Say)    (Fig.  891).    Shell  strongly 

Fig.  892  —  Nuouia      oblique,  thick;  umbo  prominent;  hmge  teeth  large, 
riu).  12  behind  and  18  before  the  umbo,  the  two  series 

of  teeth  forming  nearly  a  right  angle;  length  10 
mm.;  height  9  mm.;  width  6  mm.:  South  Carolina  to  Gulf  of  St.  Law- 
rence; often  common  in  shallow  water. 

N.  delphinodonta*  Mighels  (Fig.  892).  Shell  ovate,  somewhat 
oblique;  hinge  teeth,  3  behind  and  7  before  the  umbo;  length  3.2  mm., 
height  2.7  mm.;  width  2.2  mm.:  New  Jersey  to  Greenland,  in  6  to  100 
fathoms;  often  abundant;  Europe. 

2.  ToLDXA  Moller.  Shell  elongate,  compressed,  smooth,  and  shining, 
attenuated  and  gaping  behind,  dark  olive  in  color;  mantle  oi>en,  with 
elongated,  united,  retractile  siphons;  animal  very  active,  leaping 
through  the  water:  about  12  species  on  the  Atlantic  coast. 

T.  limatnlaf  (Say)  (Fig.  893).  Shell  48  mm.  long,  23  mm.  high, 
and  13  mm.  wide;  umbo  near  the  center,  the  posterior  dorsal  slope 

*  Bee  "Life  History  of  Nucula  delpblnodontSp'*  by  G.  A.  Drew,  Quart  J.  M.  &, 
Vol.  44,  New  Sep.,  1901. 

fSee  **Toldia  Umatula.*'  by  O.  A.  Drew,  Mem.  Biol.  Lab.,  Jobns  Hopkins, 
Vol.  4,  1889. 
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straight;  teeth  prominent,  23  on  anterior  and  18  on  posterior  side: 
North  Carolina  to  Labrador  in  shallow  water;  common;  Pacific  coast; 
Europe. 

T.  aapotilla  (Qould).  Like  the  above  but  much  smaller,  and  with 
about  16  teeth  on  each  side;  22  mm.  long,  11  mm.  high  and  7  mm.  wide: 
Long  Island  to  Arctic  Ocean;  often  common,  in  4  to  120  fathoms. 

Y.  thracUBformis  Storer.  Shell  reniform,  rounded  and  broadest 
behind,  gaping  at  both  ends;  5  cm.  long;  4  cm.  high,  and  27  mm.  wide; 
hinge  with  about  12  teeth  on  each  side:  Long  Island  to  Arctic  Ocean; 
in  rather  deep  water. 

8.  LXDA  Schumacher.  Shell  elongated,  the  hinder  part  being  much 
prolonged;  mantle  open,  with  small,  united  siphons:  80  species,  cosmo- 
politan. 

L.  tenuiBiilcaU  (Couthouy)  (Fig.  894).  Shell  25  mm.  long,  12  mm. 
high,  and  7.5  mm.  wide,  light  greenish-yellow  in  color,  with  12  anterior 


mm 


Fig.  893  Fig.  894  Fig.  895 

%aiula   (Yerrill).   Fig.  894— iLetfa  ie 
Fig.  89o — Solemya  velum  (Verrill). 


Fig.  893— rotcKa  Umatula   (Yerrin).   Fig.  894— Xetfa  tenuisuloata  (Qonld). 


and  16  posterior  teeth:  Rhode  Island  northwards,  in  shallow  water; 
often  common. 

FAMILT2.    SOLEMYIDAE. 

Shell  equivalve,  elongate,  cylindrical,  gaping  at  each  end;  perios- 
tracum  thick,  extending  over  the  edge  of  the  shell;  hinge  toothless;  foot 
long  and  slender;  oral  i>alps  elongate;  mantle  fused  below,  leaving  an 
opening  for  the  foot  and  one  hourglass-shaped  siphonal  opening  behind : 
1  genus. 

BoLBMTA*  Lamarck  {Solenomya  Menke).  With  characters  of  the 
family:  several  species. 

8.  velum  Say  (Fig.  895).  Shell  very  thin  and  fragile,  yellowish- 
brown  in  color,  with  about  15  impressed  lines  radiating  from  the  umbo 
to  the  margin,  bluish-white  within,  25  mm.  long,  12  mm.  high,  and  8  mm. 
wide:  North  Carolina  to  Nova  Scotia;  usually  buried  in  the  sand;  also 
found  swimming  backwards  and  forwards;  often  common. 

8.  borealis  Totten.  Like  the  above  but  much  larger  and  darker; 
length  5  cm. ;  height  22  mm. ;  width  14  mm. :  Long  Island  Sound  to  Nova 
Scotia;  rare. 

*  Bee  "Loeotnotion  In  SoleDomya/*  etc.,  by  O.  A.  Drew,  Anat.  Ans.,  Vol.  17,  1900. 
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Obdeb  2.    rTTiTBRANOHIATA. 

Gills  consisting  on  each  side  of  an  azis^  to  which  are  attached  2 
rows  of  very  long,  filamentous  leaflets  (Fig.  890,  B),  which  hang  down 
far  into  the  mantle  cavity,  each  row  being  recnrved  and  bent  upwards, 
so  that  each  leaflet  has  a  descending  and  an  ascending  limb,  which  are 
not  joined  by  interlamellar  partitions,  except  in  the  MytiUdae;  genital 
and  kidney  pores  separate  (except  in  the  Anomiidae) ;  foot  usually  weak, 
with  well  developed  byssus;  2  adductor  muscles;  mantle  open  below; 
siphons  absent  or  little  developed:  4  families,  all  marine. 

Key  to  the  families  of  FiUbranchiata  here  described: 

Oi  Shell  not  equivalve,  animal  attached 1.  ANoiainAE 

Of  Valves  of  shell  alike. 

&t  Not  attached  by  byssus 2.  AacmAE 

h^  Attached  by  byssus .3.  Mtthjdae 

Family  1.    ANOMIIDAE. 

Shell  thin,  with  asymmetrical  valves,  the  right  valve  being  undermost 

and  provided  with  a  deep  notch  or  a  hole,  through  which  a  calcified 

byssus  projects,  fastening  the  animal  to  a  rock  or 

a  shell;  oral  palps  wanting;  posterior  adductor  the 

larger;  mantle  fringed,  with  short  cirri;  no  siphons; 

foot  cylindrical,  expanded  and  grooved  at  the  end; 

sexes  separate:  4  genera. 

AnonSa^ephippium  AJTOIHA  L.     Right  valve  flat;  left  valve  convex: 

1.  \fftVi\l^2,        ^  species, 
right  valve;  8,Dot*cii.  A.    ephippinm    L.    (A.    simpUx    D'Orbigny). 

Jingle  shells  (Fig.  896).  Shell  variable  in  shape, 
circular  or  oval  in  outline,  about  25  mm.  in  diameter,  or  larger;  outer 
surface  scaly  and  dark  colored,  but  in  dead  shells  often  worn  off,  ex- 
posing the  glistening  greenish  or  golden  mother  of  pearl:  Nova  Scotia 
to  Texas;  West  Indies;  in  shallow  water,  abundant  on  oyster  beds; 
Europe,  where  it  is  used  for  food. 

A.  acnleata  Omelin.  Shell  12  mm.  in  diameter,  covered  with  scaly 
or  prickly  radiating  lines  on  upper  valve:  Long  Island  to  the  Arctic 
Ocean;  Europe;  in  shallow  water;  common  north  of  Cape  Cod. 

Faiolt  2.    ABdDAE. 

Shell  oval,  symmetrical,  with  a  heavy  periostracum,  and  usually 
with  the  radial  corrugations;  hinge  with  a  row  of  similar  comb-like  teeth; 
mantle  open  below;  foot  large,  bent,  and  grooved;  both  adductors  large; 
no  siphons:  several  hundred  species;  cosmopolitan. 
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Amoa.  L.  Blood  clame.  Shell  eqalvalve,  or  nearly  so,  thick;  umbo 
anterior;  foot  pointed,  with  a  bysBUs;  edges  of  mantle  with  nmueroos 
compound  eyes:  140  speeke. 

A.  noM  L.    Noah's  areb.    Shell  elongated,  wide,  angular,  almost 
quadrangalar;  nmbo  prominent,  the  two  being  far  apart;  valvea  gaping 
below,  with  radial  ribs;  length  10  cm.:  Cape  Hatteraa,  sonthwardB,  io 
ahatlow  water;  West  Indies;  Paoifle  coast;  Medi- 
terranean Sea. 

A.  pezata  Say  (Fig.  897).  Shell  thick,  oblong, 
with  prominent  umbo  directed  very  obliquely  for- 
wards,  and  with  abont  32  to  36  radiating  ribs,  56 
mm.  long,  53  nun.  high  and  37  nun.  wide;  periostra- 
enm  thick  and  shaggy  and  dark  brown  in  color:  Bic.  8ST 

Maine  to  Florida,  often  common  on  the  bottom  in      ^"^  "«*•'»  («<"■">■ 
shallow  water,  or  attached  by  the  l^ssus. 

A.  tnuuraisa  Bay.  Shell  rhomhoidal,  the  umbo  not  directed  so 
obliquely  forwards  as  in  A.  pexata,  with  32  to  36  ribs;  eolor  brown; 
length  37  mm. ;  height  25  mm. ;  width  37  mm. :  Cape  Cod  to  Florida,  in 
shallow  water. 

Faidlt  3.    MTTELIDAB. 

Mussels.  Shell  elongate,  eqnivalve,  with  umbo  at  or  near  anterior 
end;  hinge  usually  toothless;  foot  cylindrical  and  grooved,  with  byssos; 
anterior  adductor  small,  posterior  large;  distinct  cloaca!  but  no  branchial 
siphon:  several  hundred  species. 

Key  to  the  genera  of  Mytilidae  here  described: 

a,  AnlmBls  not  borlnfc. 

b.  Umbo  at  eitreme  anterior  end 1.  HTTIUTa 

h.  Umbo  not  quite  at  anterior  end. 
c.  Length  25  mm.  or  over. 

d.  Two  striated  areas  not  present 2.  MODIOLUS 

d,  Tno  distinct  striated   aress 3.  MoolOLAJUA 

c,  12  mm.  long 4.  Cbenella 

a.  Boring  animal U.  LrrHOPHAQCS 

1.  Httilits  L.  Shell  wedge-shaped,  being  pointed  in  front  and 
round  behind,  smooth;  umbo  at  anterior  end:  65  species;  cosmo- 
politan. 

M.  fldnlls  L.  (Fig.  898).  Edible  mnsseL  Color  of  periostraeum 
black  or  dark  brown,  within  pearly  with  violet  margins;  length  10  cm.; 
height  35  mm.;  width  26  mm.:  circnmpolar,  south  to  North  Carolina 
and  San  Francisco;  Europe;  very  common,  attached  to  rocks  and  to 
eaeb  other;  between  tide  lines  and  in  shallow  water;  used  for  food  in 
Europe. 


Flc.  MS— Vyt<hw  eduUt   lUng).     1,  foot;  2. 
Dinbo  ;  3,  cloaca)  alptioD  ;  4,  maDtl«  ;  Di  bjMos. 


2.  KODIOLVS  L&marek.     Horee  mussels.     Shell  wedge-shaped,    in- 
flated in  front;  umbo  not  quite  at  froot  end:  70  apeciea;  cosmopolitan; 
the   animals   burrow   in    the 
J  sand  and  gravel,  and  differ  in 

this  respect  from  Mytibu. 
H.  modiolus   (L.)    (Fig. 
'   899).     Perioatracum  thick, 
coarse  in  texture,  dark  brown 
in    color;    interior    pearly; 
length  up  to  15  cm.,  but  nsn- 
ally  under  4  cm. ;  usual  height 
2  cm.;  width  45  mm.:  circam- 
polsr,  south  to  New  Jersey 
and  San  Francisco;  Europe; 
common  in  deep  water,  Rmong 
rooks  and  gravel. 
M.  demisBUB  IHlIwjn.    Shell  elongate;  surface  marked  by  numerons 
impressed  radiating  rihs;  color  greenish-yellow;  pearly   within,  tinted 
with  purple ;  length  75  nun. ;  height  30  mm. ;  width  23  mm. :  Qeorgia  to 
Nova  Scotia;  very  common  on  mud  fiats;  also  at  San  Francisco. 

'3.  MomOLARU  Gray.  Shell  elliptical,  front  end  blunt;  surface 
with  two  areas  of  fine  radial  striations,  one  anterior  and  one  posterior, 
between  which  there  are  no  striations;  cloacal  siphon  long:  manj'  species. 


H.  fllgra  (Oray)  (Fig.  900).  Shell  5  cm.  loi«,  28  mm.  high,  and  15 
mm.  wide;  brown  in  color;  anterior  striated  area  small  in  extent;  cir- 
cnmpolar,  south  to  Long  Island,  in  shallow  water;  Europe. 

U.  dlBCors  (L.).  Shell  oval,  25  mm.  long,  16  nun.  b^b,  10  nun. 
wide,  dark  greenish  in  color;  anterior  area  with  16  striations:  circnm- 
polar,  south  to  Long  Island  and  Pi^et  Sound,  from  low  water  to  500 
fathoms;  common  north  of  Cape  Cod;  Europe. 

4.  Okikella  Brown.  Shell  small,  oval  or  rhomboidal,  with  numer- 
ons  radiating  striations  or  ribs;  hinge  with  a  tooth  in  each  valve;  foot 
with  a  disc  at  end;  byseus  a  single  thread;  nmbo  near  anterior  end: 
about  5  species  on  the  Atlantic  coast. 
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Fig.  001 
Crenella 
glandula 
fVcrrlU). 


C.  glandula  (Totten)  (Fig,  901).  Shell  12  mm.  long,  9  mm.  high, 
7  mm.  wide,  brownish-yellow  in  color:  New  Jersey  to  Gulf  of  St.  Law- 
rence, in  shallow  water. 

5.  LiTKOPHAOirs  Bolten  {Lithodomus  Cnvier).  Shell  cy- 
lindrical, inflated,  rounded  in  front,  wedge-shaped  behind : 
4  species  on  the  South  Atlantic  and  1  on  the  Pacific  coast. 

L.  Uthopbagiu  (L.)  (Fig. 
902).  Shell  elongate,  3  to  8 
cm.  long,  with  fine  longitu- 
dinal and  transverse  lines:  Florida;  West 
Indies;  Europe;  it  attaches  itself  to  a 
rock  by  its  byssus  when  young,  into  which 
it  bores  when  adult,  forming  a  bole  the 
shape  of  the  shell.  It  made  the  holes  in 
the  columns  of  the  Temple  of  Serapis 
at  Pnzzuoli  in  Italy,  which  are  used  as 
Fig.  902  proofs  of  the  oscillations  of  the  coast  in 

Lithophagus  liihophagus  .,     . 

(Rogers).  that  region. 


Obdbb  3.    PSEUDOLAMTiTJiTBRANOHIATA. 

The  consecutive  filamentous  leaflets  of  each  row  of  the  gills  are 
more  or  less  connected,  and  the  two  limbs  of  each  leaflet  are  joined 
by  interfilamentary  partitions  (Fig.  890,  C) ;  the  ascending  limb  also  of 
the  outer  leaflet  is  united  with  the  mantle,  except  in  Pectinidae;  foot 
weak  or  absent ;  genital  and  kidney  pores  distinct  except  in  the  Pectinidae; 
but  1  adductor  muscle,  the  anterior  usually  being  very  small  or  absent; 
mantle  entirely  open,  with  no  siphons :  4  families,  all  marine. 

Key  to  the  families  of  PaeudolamelUhranchiata  here  described: 

Oi  Two  adductor  muscles,  the  anterior  one  very  small. ...... .1.  AviCfULiDAB 

a.  Bat  one  adductor  muscle. 

hx  Shell  irregular ;  oysters 2.  OsTBEmAS 

5,  Shell  regular ;  scallops 3.  PECTnoDAE 


Family  1.    AVICULIDAE. 

Shell  usually  with  valves  of  unequal  size,  the  right  valve  being 
smaller;  animal  rests  on  the  right  valve  and  is  attached  by  its  byssus: 
numerous  species,  in  tropical  and  temperate  seas;  about  6  species  on  the 
Atlantic  coast,  all  towards  the  south.  The  pearl  oyster,  Meleagrina 
margaritifera  (L.),  which  attains  a  length  of  30  cm.  and  lives  in  the  Indian 
Ocean  in  6  to  15  fathoms,  belongs  to  this  family.  A  closely  allied 
species  of  the  same  genus  in  the  West  Indian  waters  also  furnishes 
pearls. 


ff74  UOhLVSCA 

PmrA  L.  Shell  equivalve,  vedge-shaped,  with  the  pointed  end,  (oi 
which  is  the  nmbo,  anterior  in  position;  posterior  end  bnwd  and  gaping; 
hinge  teeth  absent:  30  spedee,  Borne  of  whieh  prodnoe  blaek  pearls  of 
considerable  value. 

P.  mnricaU  L.  (Fig.  903).  Shell  white  and  semitransparent,  with 
straight  sides  with  obscure  longitudinal  ribe,  which  are  covered  with 
sealee;  length  17  cm.:  North  Carolina  to  Texas. 

Familt  2.    OSTmODAE. 

Oysters.  Shell  ineqoivalve,  resting  on  and  attached  by  the  left 
valve,  irregular  and  variable  in  shape,  very  thick,  often  in  folded  layers; 
foot  absent:  1  genns. 

Orbxa*  L.  Shell  eirenlar  or  elongate,  upper  valve  more  or  leas  flat 
and  the  lower  convex;  umbo  and  hiuge  at  forward  end;  hermaphroditic 
or  unisexual;  adductor  muscle  near  the  middle  with  the  heart  just  in 


F1K.0OS  PlS.«M 

F1«.  903 — nwM  ■aarloMs  (Rofen).  Flf.  WH — Oilrra  vfryMoa — left  valve 
remoTKl  to  ghoir  orguu  (Bmota).  1,  lifbt  tbIts  at  ihell;  2,  Dustle;  8,  gills; 
4,  Ubial  palpa ;  0,  reetnetor  mnscle;  0,  miintb ;  7,  Intntlne;  B,  itomacb  Bur- 
roDDded  b;  tbe  liver ;  ff,  •naa;  10,  viiceral  lUMi  11,  iioaterlor  end  d(  utlmat; 
12,  doraal  aide  of  acliMJ. 

front  of  it;  muscle  impresnve  violet  or  brown;  shell  white:  about  100 
species,  in  all  seas  except  the  colder  ones ;  1  species  on  the  Atlantic  and 
1  on  the  Pacific  coast;  SOO  fossil  species. 

O.  TizginlCE  Omelin  (Fig.  904).  The  American  oyster.  Length  up 
to  45  cm.,  usually  about  12  cm. :  Oulf  of  Uexico  to  If  assacbusetts,  locally 
to  Gulf  of  St.  Lawrence,  in  shallow  and  brackish  water,  often  very 
abundant,  the  most  valuable  American  invertebrate  animal;  introduced 
on  the  Pacific  coast. 
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0.  lorida  Carpenter.  The  Paoiflc  eoast  oyster.  Diameter  5  em.  or 
Ues;  ahell  thin  and  purplish:  Paget  Sonnd  to  California. 

Fahilt  3.    PECTINIDAE. 

Scallops.  Shell  tneqnivalve,  either  free  or  attached,  with  radial  ribs 
or  striationg;  foot  oylindiical;  without  uiphons:  about  7  genera. 

PsoTU  0.  F.  Uiiller.  Shell  consisting  of  a  round  body  with  radi- 
ations and  2  wings;  bii^e  line  straight  and  toothless;  shell  rests  on  the 
right  valve,  which  is  the  less  convex  and  has  a  prominent  notch,  where 
the  anterior  wing  joins  the  body  of  the  shell ;  muscle  near  the  middle  of 
the  body;  gill  attached  by  one  lamella  only:  numerouB  species.  Scal- 
lops leap  and  swim  by  snapping  the  shell  together,  giving  them  a  zigzag 
oonrse ;  they  are  used  for  food,  the  muscle  being  usually  the  only  part  eaten. 

Key  to  the  species  of  Pecten  here  described : 

Oi  Talrea  witli  about  20  radiatinf  ribs P.  raaUUKs 

a,  ValvM  with  about  GO  ribs F.  i 

O,  No  ribs P.  . 

P.  iiradians*  Lamarck.  Common  scallop 
(Fig.  905).  Shell  with  about  20  radtsting  ribs 
and  with  numerous  lines  of  growth ;  wings  large 
and  equal  in  size ;  color  variable,  the  upper  valve 
being  the  darker;  length  75  em.;  breadth  a  little 
less;  30  to  40  bright  blue  eyes  in  the  edge  of 
each  mantle:  Cape  Cod  to  Texas,  locally  farther 
north;  often  abundant  among  eel  grass  and  over 
mud  flats.  "»-'*%vSri»)!"**'"' 

P.  iBlandicns   (Miil.).     Shell  with  over  50 
narrow  ribs;  wings  unequal  in  size,  length  9  cm.;  width  75  mm.:  Cape 
Cod  to  Arctic  Ocean;  Europe. 

P.  BmellanicBst  (Omelin).  Oiant  scallop.  Shell  without  ribs  but 
covered  with  fine  radiating  striations,  17  cm.  long;  wings  equal  in  size; 
upper  valve  brown,  tower  white:  New  Jersey  to  Labrador. 

Obder  4.     EULAMELLIBSAHOHIATA. 

Two  gills  on  each  side  (Fig.  890,  C),  each  of  which  is  composed  of 

the  fllamentooa  leaflets  joined  by  vascular  trabecul&e  (interSlameutary 

-   connections)    to  form  a  continuous  lamella;  each  gill  composed  of  2 

lamellae,  which  are  the  two  limbs  of  the  leaflets  joined  by  interlamellar 

•  See  "H»tiItB  and  Life  Hlstorr  of  the  ScaUop  (PfoJm  imi<ltaii*),"  by  J.  Btiser, 
Ann.  Com.  Viah.,  Rbode  Islaod,  1901. 

t  See  "Hablta,  etc.,  o(  tbe  Olant  Scallop,"  etc,  bj  G.  A.  Diew,  Stud.  Univ.  of 
Halse,  No.  S,  IBOe. 
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partitions,  the  ascending  limb  of  the  outer  leaflet  being  united  with  the 

mantle;  genital  glands  have  independent  openings  to  the  outside;  two 

adductor  muscles  usually  present;  mantle  edges  more  or  less  fused  and 

the  siphons  present  (Fig.  888 ),  either  in  form  of  closed  tubes  or  not; 

foot  usually  large,  with  byssus  little  or  not  at  all  developed:  about  27 

families,  grouped  in  7  suborders,  including  most  peleeypods. 

Key  to  the  suborders  of  EutamellibratKihiata: 

Ox  Mantle  often  below,  shell  usually  with  no  pallial  sinus. . .  .1.  Submttilacea 
Ot  Shell  usually  thin,  with  pallial  sinus  (Fig.  889,  10)  ;  siphons  usually 
present. 
&i  Pallial  sinus  prominent 

Oi  Pallial  sinus  extending  far  forwards 2.  TsixiirACEA 

c,  Pallial  sinus  not  so  large, 
di  Animals  do  not  bore  in  solid  objects. 

d  Shell  thick  and  solid  and  more  or  less  round 3.  Venera.ceia 

ei  Shell  rather  thin  and  usually  elongate 5.  Mtacea 

4t  Animals  bore  in  clay,  wood,  or  rock G.  Pholadacea 

5a  A  slight  pallial  sinus  or  none  present. 

Ot  Shell  thick,  usually  ribbed 4.  Cardiacea 

Oa  Shell  thin 7.  Anatinacea 

Suborder  1.    SUBMTTILACEA. 

Mantle  edges  open  below;  closed  siphons  and  pallial  sinus  usually 
absent;  2  adductor  muscles;  cardinal  and  lateral  teeth  (Fig.  889)  well 
developed :  about  16  f amilies,  in  fresh  and  salt  water. 

Key  to  the  families  of  Suhmytilacea  here  described: 

Oi  Animals  marine. 
bi  Shells  not  minute,  although  in  some  cases  small. 

Ci  Shells  radially  grooved 1.  Gabditidae 

Ct  Shells  not  radially  grooved. 
di  Umbo  not  at  forward  end. 
01  Lunule  present  (Fig.  880,  4). 
ft  Adductor  muscle  impressions  nearly  equal  in  sise. 

gi  Shell  mostly  more  than  20  mm.  long 2.  Astabudae 

fft  Shell  mostly  less  than  8  mm.  long 3.  GRASSATELLmAE 

/a  Anterior  muscle  impression  much  the  longer 7.  Lucinidae 

6,  Lunule  absent 4.  GrpRnoDAK 

dt  Umbo  at  forward  end 6.  Dbei8SEN8ID>ae 

&t  Shells  minute. 

Ci  Ligament  external 8.  Kblltellidab 

Ct  Ligament  internal .0.  ERTCiifmAC 

Ot  Animals  in  fresh  water. 

6i  Shell  large 5.  Unionidab 

b.  Shell  minute 10.   GTBBNmAB 

Faioly  1.    CABDITIDAE. 

Shell  heart-shaped  or  ovate,  with  radiating  ribs  or  striations,  hinge 
thick,  with  1  or  2  cardinal  and  1  or  2  lateral  teeth;  foot  with  byssus;  no 
closed  siphon:  about  10  genera,  all  marine. 
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TxHXBiOAKDU  Lamarck.  Shell  with  a  rough  periostraonm;  binge 
with  2  large  obliqae  cardinal  teeth  and  1  lateral  in  each  valve;  ligament 
external:  several  speciea  on  the  Atlantic  coast. 

V.  borealla  (Conrad)  (Fig.  906).  Bhell  with  abont  20  ronnded  ribs; 
Dmbo  elevated  and  tamed  forwards,  almost  to  the  anterior  end  in  old 
shells;  length  25  nun.;  height  and  width  17  mni.:  New  Jersey  to  Lab- 
rador; in  rather  deep  water;  Pacific  coast. 

Fault  2.    ABTABTIDAI!. 

Shell  thick,  eqnivalve,  with  2  or  3  strong  cardinal  teeth  io  each 
ntlve;  ligament  external;  laterals  absent  or  rudimentary',  Inonle  distinct; 
a  short  cloacal  siphon  present:  abont 
12  genera,  all  marine. 

AsTAXTZ  Sowerby.  Shell  ronndly 
oval,  with  a  smooth  snrCace  marked 
with  concentric  atriations:  20  species, 
cireumpolar. 

A.    castsnea    (Say)     (Fig.    907).  ng.joe 

Chestnut  shell.  Bhell  thick,  ovate; 
umbo  elevated  and  nearly  central;  an- 
terior end  slightly  concave,  posterior 

slightly  convex;  color  chestnut;  length  and  height  25  mm.;  width  13  mm.: 
New  Jersey  to  Nova  Scotia;  in  shallow  water;  often  common. 

A.  imdata  Oould.  Like  the  above,  with  10  to  20  strongly  developed 
concentric  ridges;  color  brownish-olive;  length  25  mm.;  height  27  mm.; 
width  14  mm. :  Long  Island  Sound  to  Gulf  of  St.  Lawrence,  is  shallow 
water;  common;  Pacific  coast. 

A.  toadraua  Qonld.  Shell  triangular,  smooth,  yellowish  in  color; 
ombo  central;  length  11  mm.;  height  10  mm.;  width  5  nun.:  Long  Island 
Sound  to  Gulf  of  St.  Lawrence, 

Fakilv  3.    CBAB8ATELLITIDAE. 
Shell  thick,  equivalve,  more  or  less  triangular;  umbo  towards  the 
forward  end,  usually  eoncentrally  striated;  hinge  with  1  or  2  cardinal 
teeth;    lonnle    distinct;    ligament    intemat;    no    dosed 
^3h  siphons:  about  6  genera,  all  marine. 

^^  OmAMATZLLim  Kriiger.  Umbo   neariy  central,  an- 

(^Si^Sla        tenor  dorsal  line  straight;  2  cardinal  teeth  in  right  valve, 
"fJ^^M^T        '"^  ^  ''^  the  left;  1  lateral  in  each;  1  species  on  the 
Atlantic  coast. 
0.  nactntcaa  (Linsley)  (Fig.  908).    Shell  small,  solid,  with  about  14 
eonoentrie  ribs  on  the  surface;  color  yellowish -green;  6  nun.  long  and 


2S  mm.  wide:  Cape  Cod  to  Texas;  commoD  in  slutUow  water;  West 
Indies. 

FuuLT  4.    CTPRINIDAE. 

Shell  r^uUr,  eqnivalve,  more  or 
less  oval,  thick,  with  a  thick  periostra- 
cum;  ligament  external;  pallial  line  sin- 
uoas;  both  siphons  complete:  numeroas 
species. 

CynDtA   Lamarck.     Umbo   nearly 

central,    directed   towards   the    forward 

end ;  hinge  with  3  divergiDg  cardinal  teeth 

and  a  posterior  lateral  in  each  valve ;  foot 

"■■  ^"^i^S^i  "'"''**•         tl»»«k:  1  species  on  the  Atlantic  coast. 

0.  iiluidic»  (L.)  (rig.  DOg>.    SbeU 

thick,  coarsely  wrinkled,  80  mm.  long,  75  mm.  high,  and  45  nun.  wide, 

dark  colored :  Long  Island  to  the  Arctic  Ocean,  in  rather  deep  water,  bat 

often  thrown  no  on  the  beach;  Europe. 


Familt  S.    UNIONIDAK*     (Naudis.) 
Fresh-water  clams  or  mussels.     Shell  equivalve,  with  a  thi^  peariy 
layer  and  a  dark-colored  periostracum;  umbo  towards  the  anterior  end; 
ligament    external 

prominent;     binge     teeth  J<..^^^„u  mi ^  ( 

eonsieting  of  cardinalB  and  ^^  "^  '' ■  'JUlrsaiss^^Mfc.    . 

posterior     laterals     (Fig. 

910),  present  or  not;  anal 

siphon  complete  bnt  very 

short;    foot    large,    with 

byeeus  only  in  the  young: 

cosmopolitan ;  abont  1,000 

species,  of  which  over  500 

occur  in  this  country,  all 

living   in    fresh-water 

streams  and  ponds;  some 

are  nsed  for  food,  and  the 

•  8e«  "ObKcmtloiiB  on  tbc  Genaa  Unio  with  DeBcrlpUoOB  of  New  Species,"  bj 
I.  Lea,  13  tdIs..  PbllBdelphla.  1834-1ST4.  "Sjnopsli  of  the  Naladee  or  PmtIt  Fmh- 
WBt*r  MnB«el«."  by  C.  T.  Blmpson,  Proc.  D.  B.  N»t.  Mm.,  Vol.  22,  p.  501,  1000.  "A 
PrcltmlDar;  List  of  the  OniODidae  nt  West.  Peon.,"  eto.,  by  A.  B.  Ortmaiui,  Ann. 
Cam.  Hdb.,  VoL  B,  1909.  "Notea  npon  the  PamtUei  and  Oenera  of  the  Naiades," 
by  same,  ume  janr,  Vol.  8,  1912.  "Notes  oQ  the  UnloDldae  and  Tbelr  Claaatflcatlan.'' 
by  V.  Bterkl,  Am.  Nat,  Vol.  37,  p.  iOS.  190:t.  "Stodles  on  the  Reprodaetloii  and 
ArUfldal  Propajatlon  of  irnah-water  HosmU,"  by  O,  befem  and  W.  C.  Cartla,  BolL 
Bnr.  Flab.,  Vol.  30,  p.  106,  1912, 


,    Uxament :     S,    umbo ; 


nterlor   lateral   mtu ,    t,   • 
lonale;    7,  anterior  addnelur  iuukic  bes. 
eardlnal  teeth ;    »,  ■Dterior  toot  retractor  □ 
son  10,  palUal  line. 
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shells  of  many  of  the  thick-shelled  speeies  are  manufactured  into  buttons. 
The  eggs  are  carried  usually  in  the  outer  pair  of  gills  until  the  young 
larvae,  which  are  called  glochidia,  are  hatched.  These  attach  them- 
selves, except  in  Strophitua,  to  the  skin  of  fishes,  in  which  they  become 
encysted,  and  there  complete  their  development. 

Key  to  the  genera  of  Unionidae  here  described: 

Oi  Hinge  teeth  (Fig.  910)  well  developed;  shell  usually  thick. 
hi  Shell  with  distinct  rays  radiating  from  the  umbo  (Fig.  Oil) .  .1.  Lamfsilis 
6,  No  distinct  rays. 

e^  Shell  elongate 6.   Unio 

Ct  Shell  quadrate 8.  Quadbula 

Oa  Hinge  teeth  absent  or  rudimentary ;  shell  thin. 
hi  Teeth  absent 

C|  Hinge  line  not  incurved  in  front  of  umbo 3.  Anodonta 

Ca  Hinge  line  incurved 7.  Anodontoidbs 

5a  Teeth  incomplete  or  rudimentary. 

Ct  Shell  elongate,  reniform 5.  Mabq abitana 

Ct  Shell  rhomboid  or  round. 

di  Teeth  loidimentary 2.  Stbophitub 

dt  Cardinals  present,  laterals  blurred 4.  Alasmidonta 

1.  laAiCPflim  Rafinesque.  Shell  oval  or  elliptical,  usually  thick, 
with  a  hard,  bright,  usually  rayed  periostracum ;  hinge  with  2  cardinals 
(Fig.  910,  S)  and  2  (posterior)  laterals  in  the  left  and  usually  1  of  each 
in  the  right  valve;  male  and  female  sexually  dimorphic,  the  female  shell 
being  swollen  at  the  base  just  behind  the  middle:  128  species,  all 
American. 

Key  to  the  species  of  Lampsilis  here  described: 

Oi  Length  not  twice  the  height 
5i  Length  one-third  greater  than  the  height 
Ci  Cardinals  strong  and  prominent 
di  Shell  compressed. 

et  Umbo  and  rays  prominent L.  badiata 

e^  Umbo  and  rays  not  prominent L.  ligamentina 

d.  Shell  very  wide L.  vbntbioosa 

Cj  Cardinals  weak L.  gbacilis 

&a  Length  nearly  twice  the  height. 

Ci  Shell  large  and  thick L.  luteola 

Ca  Shell  small  and  compressed L.  ibis 

Oa  Length  about  2^  times  the  height 

&t  Color  black L.  beota 

5a  Color  yellow L.  anodontoideb 

L.  radiaia  (Omelin)  (Fig.  911).  Shell  ovate,  somewhat  angular 
posteriorly,  umbo  at  the  anterior  fourth ;  surface  with  numerous  rays  of 
dusky  green;  length  75  mm.;  height  42  mm.;  breadth  30  mm.:  Atlantic 
slope,  south  to  North  Carolina;  northerly  to  St.  Lawrence  slope;  west 
to  Manitoba;  common. 
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Ik  ventricoM  (Barnefl).    Pocket-book  clun.    Shell  swollen,  ovate, 
thick  and  heavy,  rounded  before  and  behind,  15  cm.  long,  9  em.  high  and 
6  em.  wide;  vaUeya  of  Mississippi  and  St. 
Lawrence,  in  large  streams  and  lakes ;  com- 
mon; used  in  button-making. 

L.  gracOli  (Barnes).     Shell  dUptieal, 

eompressed,  round  in  front,  roooded  and 

very  broad  behind,  12  cm.  long,  7  cm.  high, 

'^-  ""Igo^S?!**  "'**"'       *  <™-  wide;  color  yeUow  with  green  laya 

extending  from  the  umbo;  cardinals  weak, 

bnt  1  in  each  valve:  MiBsiBsippi  and  St.  Lawrence  vslleya;  Hndaon  Biver; 

on  muddy  bottoms. 

L.  recta  (Lamarck).  Black  sand  sheU  (Fig.  912,  A).  Shell  elon- 
gate, compressed,  heavy,  rounded  in  front  and  triasgolar  behind,  11  em. 
long,  5  em,  high,  and  3  cm.  wide,  black  in  color;  2  cardinals  in  eaeh 
valve:  Mississippi  and  St.  Lawrence  valleys,  in  laige  lakes  and  rivers; 
used  in  bntton-making. 

L.  anodontoides  (Lea).  Yellow  back.  Shell  elongate,  swollen,  tri- 
angular behind,  8  cm.  long,  35  mm.  high,  27  mm.  wide,  bright  yellowish- 
brown  in  color;  2  cardinals  in  each  valve:  valley  of  the  Mississippi  and 
of  the  Oulf  of  Mexico;  used  in  button-making. 


ng.912 
Fts.  913 — A,  LamptUu  reeta;  a.  u.  »irDw,   <^  u.  ith    i 
etropMlH*  adMtvtaw  (Baker). 

L.  InteoU  (Lamarek)  (Fig.  912,  B).  SheU  elliptical,  inflated, 
rounded  in  front  and  oval  behind,  11  cm.  lot^,  6  cm.  high,  and  4S  mm. 
wide;  color  light  or  dark  green;  2  cardinals  in  each  valve:  Mississippi 
and  St.  Lawrence  valleys,  in  lakes  and  rivers;  common. 

L.  ilia  (Lea)  (Fig.  912,  C).  Shell  small,  elliptical,  compressed,  57 
mm.  long,  3  cm.  high,  2  cm.  wide;  color  yellowish,  with  numerona  wide, 
interrupted,  green,  radial  rays;  2  cardinals  in  each  valve:  New  York  to 
Illinois,  south  to  Texas;  conunon. 

L.  UgaiMntina  (Lamarck).  Mucket.  Shell  elliptical,  thick,  and 
heavy,  10  cm.  long,  6  cm.  high,  and  35  mm.  wide,  yellowish  or  greenish 
in  color,  with  dark  radiating  rays;  2  cardinals  in  each  valve: 
and  St.  Lawrence  valleys;  used  in  button-making. 
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2.  BnoFKzrmi*  Rafinesque.  Shell  inflated^  rounded,  with  a  hard, 
shining  periostracum;  teeth  rudimentary,  consisting  of  an  irregular  ridge 
in  the  left  and  1  or  2  faint  ridges  in  the  right  valves;  male  and  female 
shells  alike;  glochidia  not  parasitic:  8  species,  all  American. 

8.  edentnlus  (Say)  (Fig.  913).  Shell  ovate,  hinder  margin  forms 
an  obtuse  angle  with  dorsal  margin ;  umbo  but  little  in  front  of  the  mid- 
dle; interior,  bluish-white;  surface  yellowish,  with  dark  rays;  lengtn  8 
em.;  height  4  cm.;  width  3  cm.:  eastern  and  central  states. 

3.  AvoDOVTA  Lamarck.  Shell  thin,  oval  or  elongate,  inflated;  peri- 
ostracum generally  smooth  and  without  rays;  hinge  without  teeth,  regu- 
larly curved;  cloacal  siphon  without  papillae;  male  and  female  shells 
alike:  55  species,  30  American,  the  animals  living  usually  in  muddy 
streams  imd  ponds,  often  buried  in  the  mud. 

Key  to  the  species  of  Anodonta  here  described: 

Ox  Shell  large. 

\  Dorsal  margin  straight A  CATABA.0TA 

5j  Umbo  with  undulating  wrinkles • A.  ghaitdis 

&a  Shell  with  very  thick  margins A.  iicpugata 

Oa  Shell  small  and  bright  green A.  iicbboilis 

A.  cataracto  Say  (A,  fluviatilis  Gould)  (Fig.  914,  A).  Shell  oval, 
large,  crested  behind,  deep  green  in  color,  with  obscure  radial  rays, 
white  within,  with  a  lilac  tint;  hinge  margin  straight;  11  cm.  long,  7  cm. 
high,  37  nun.   wide;   shell 

rounded  in  front  and  form-  j^"^    "      ^^i    ^I-^^T^"^  ^ ^ 

ing  an  obtuse  angle  behind:         J/^ ^^^  ^.^^    ,  -!/*''^^3' 

Atlantic    slope,    south    ^      (f    f       f^  t\ 

North  Carolina;  common. 

A.  grandis  Say  (Fig. 
914,  C).  SheU  eUiptical,  in- 
flated,  green    or  black   in 

color,    with    usually    faint  p.    ^^^ 

radiating  rays.  12  cm.  long,     *.  An^iac^t^a  (OouW ^. f^«*«o«««; 

7  cm.  high,  and  5  cm.  wide, 

or  larger;  umbo  marked  with  about  5  elevated  undulating  wrinkles: 

central  states;  common. 

A.  implicata  Say  (Fig.  914,  B).  Shell  oval,  thick  and  heavy,  with  a 
rough,  light  yellowish-green  outer,  and  a  pink  inner  surface,  10  cm.  long, 
66  mm.  high,  and  35  mm.  wide;  hinder  end  with  a  truncated  point  which 
is  joined  with  the  umbo  by  a  very  pronounced  edge:  Atlantic  slope  as 
far  south  as  Virginia;  valley  of  the  St.  Lawrence. 

•  "Metamorphosis  without  ParsBlttom,"  etc.,  by  G.  T^efevre  and  W.  C.  Curtis, 
Bdence*  N.  S.,  Vol.  83,  p.  863. 
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A.  imbedlls  Say  (Fig.  814,  D).  Shell  very  thin  and  fragile,  ellip- 
tical, smooth  and  Bhiniug,  59  mm.  long,  29  mm.  high,  and  21  mm.  wide; 
dorsal  margin  straight;  bright  grasa  green  in  color,  with  numeroos  d&rker 
radial  raye:  valley  of  the  Uiasiseippi. 

i.  Alabxidokta  Say.  Shell  elliptical  or  rhomboidal,  inflated,  with 
a  veil-developed  posterior  ridge;  umbo  rather  prominent,  with  a  few 
coarse,  parallel  ridges;  interior  surface  bluish;  hinge  with  imperfect 
teeth,  1  large  cardinal  being  under  the  umbo  in  the  left  valve  and  a 
smaller  one  in  front  of  it  and  1  cardinal  in  the  right;  laterals  blurred: 
15  species,  all  in  North  America,  in  muddy  rivers,  often  buried  several 
inches  in  the  mud. 

Key  to  tiie  species  of  Alaamidonta  here  described : 
a.  Shell  large. 

b,  Hpigbt  about  balf  the  leuEth A.  ooaTATA 

\  Height  nenrl;  equal  to  length A.  coutxanata 

Oi  Shell  Bmall A.  iinddlaTa 

A.  GOBtata  Eafinesque  (-1.  rugosa  Barnes).  Shell  elliptical,  16  cm, 
long,  8  cm.  high,  and  46  mm.  wide;  surface  with  heavy  lines  of  growth, 
which  form  prominent  wrinkles  on  the  upper  posterior  portion;  yellow- 
ieh-green  in  color,  with  delicate  radial  rays;  cardinals  thick:  Mississippi 
and  St.  Lawrenee  valleys. 

A.  complanata  Barnes.     Hatchet  back  (Fig.  915).     Shell  very  thick, 

high,  and  irregular  in  shape,  the  posterior  portion  being  quadrate  or 

triangular;  ombo  with  4  coarse  elevated  ridges  arranged  in  a  double  looj^ 

the  apex  of  which  points  forwards;  color  black  or 

brown,  sometimes  reddish;  cardinal  in  rig^t  valve 

very  long;  15  cm.  long;  11  cm.  high;  5  cm.  wide: 

entire  central  part  of  continent,  as  far  south  aa 

Arkansas;    common;    sometimes    contains    pearis; 

Elg  MB-^toMrt-       "^  '"  making  buttons. 

'^"*<»?K)!"'*  *•  ™*nl»*»  (Say)   (Fig.  916,  B).     Shell  abort, 

ovate,  inflated,  dark  green  in  color,  with  alternately 
yellowish  and  dark  radiating  rays;  umbo  large  and  prominent,  with  3  or 
4  concentric  oblique  undulations;  1  cardinal  in  each  valve  supported  by 
a  strong  internal  rib;  50  mm.  long;  35  nun.  high;  25  mm.  wide:  Atlantic 
slope,  south  to  South  Carolina. 

6.  Haxoakitava  Schumacher.  Shell  large,  eloi^ted;  hinge  teeth 
more  or  less  imperfect  and  small;  laterals  sometimes  wanting:  6  species; 
circumpolar. 

It.  margaritifara  (L.)  (Fig.  916,  A).  Shell  more  or  less  renifoim, 
thick,  black  in  color;  umbo  not  prominent;  length  12  em.;  height  5  cm.; 
width  3  cm.;  cardinals,  2  large  ones  in  left  valve,  the  posterior  grooved 
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in  tmai,  1  in  right  Talv«  also  grooved;  laterals  wanHi^:  eircnmpolar,  as 
far  south  as  north  latitude  40  degrees,  but  wanting  in  the  central  part 
of  the  continent;  often  very  common  in  running  streams. 

6.  Uno  Betzins.  Shell  osoally  thick,  oval  or  elongated,  ronnded  in 
front  and  pointed  behind;  hinge  teeth  well  developed,  there  being  2 
cardinals  and  2  Utcrals  in  the  left,  and  1  of  each  in  the  right  valve; 
cloacal  siphon  fringed:  circumpotar;  145  species;  about  100  American 
species,  mostly  in  the  Bouthem  states. 

V.  gibboma  Barnes  (Fig.  »16,C).  Shell  rather  elongate,  thick  and 
beavy;  dull  brown  in  color;  umbo  marked  by  5  or  6  large,  wavy  ridges; 


lis.  910 — A,  Uarooritana  maroartlfera ;  B.  Jnadoxta  niulirliifa  (OodIiI)  : 
C,  UiHo  ffibboHt  (Baker),    Fig.  BIT— [/hIo  caiiip)>HKil«M  (Uoold). 

length  8  em.;  height  35  mm.;  width  20  mm.:  valleys  of  MisBissippi  and 
St.  Lawrence;  also  Qulf  slope;  common. 

V.  complanatDS  (DiUwyn)  <Fig.  917).  Shell  ovate,  compressed, 
rather  thin,  very  dark  brown  or  green;  interior  usually  pini;  binge  with 
a  single  targe  pyramidal  and  striated  cardinal  in  the  right  valve,  with  a 
vestige  of  a  tooth  in  front  of  it  and  2  pyramidal  cardinals  in  the  left  ' 
valve;  laterals  long  and  slightly  curved;  length  10  cm.;  width  3  cm.: 
Atlantic  slope,  south  to  Qeoi^a;  one  of  the  commonest  fresh-water 
mussels. 

7.  AKODOXTOlSEa  Simpson.  Shell  elliptical,  thin,  with  a  smooth, 
bright  ontcr  surface;  umbo  with  a  few  coarse,  concentric  ridges;  hinge 
teeth  reduced  to  mere  rudiments  or  wanting;  inner  jtf^^KT*^ 
surface  bluish-white:  2  species.  (i\'i--'''^S 

A.  fanusacianns  (Lea)  (Fig.  918).  Length  74  \^^^^^ 
mm. ;  height  39  mm. ;  width  29  mm. ;  color  grass  green,  ^,  gig 

sometimes  brown :  valleys  of  the  Uisaissippi  and  St.         /arMiootofiM 
Lawrence;  common.  '      " 

8.  QmSBVLA  Raflnesque.  Shell  triangular,  qnadrate  or  rhomboida), 
thick  and  heavy,  inflated;  umbo  high;  hinge  teeth  well  developed;  anal 
siphon  with  minute  papillae  or  with  none;  male  and  female  shell-like; 
both  the  inner  and  the  outer  gills  carry  the  e^s:  100  species,  in  North 
America  and  Asia;  73  American  speciea,  mostly  in  the  Mississippi  valley. 
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Key  to  the  species  of  Quadrula  here  described: 

Oi  Shell  elliptical. 

&t  Shell  smooth Q.  bubiginosa 

(j  Shell  coarsely  wrinkled Q.  unouulta 

Oa  Shell  round Q.  pusTUiiOSA 

Q.  rabigiiiosa  (Lea).  Shell  elliptical,  thick,  compressed,  dark  yellow 
in  color;  umbo  marked  with  5  or  6  heavy  ridges;  cardinals  doable  in  both 
▼alves;  7  cm.  long;  6  cm.  high,  and  3  cm.  wide:  valleys  of  the  Mississippi 
and  St.  Liawrence. 

Q.  nndnlata  (Barnes).  Blue  foot  (Fig.  919).  Shell  squarish,  com- 
pressed, very  thick  and  heavy;  umbo  marked  by  5  coarse  diverging 

jl  ridges;  cardinals  double  in  both  valves; 

length  15  cm. ;  height  10  cm. ;  width  6  cm. ; 
1  T<^^K  J\       color  brown  or  black:  valleys  of  Missis- 

sippi and  St.  Liawrence;  also  Qulf  slope; 
common;  used  for  button-making. 

Q.  pnstolosa  (Lea).    Shell  round,  in- 
flated, thick,  and  heavy,  59  mm.  long  and 

Fig,  910 Quadrula  undulaia      high  and  36  mm.  wide,  yellowish-brown  in 

L^^^.'m^^^  color,  with  a  broad  band  of  dark  green 

;  3,ambo.  extending  from  the  umbo  to  the  ventral 

border;  cardinals  double  in  both  valves:  Mississippi  valley;  Michigan; 
Oulf  slope. 

Faiolt  6.    DBEISSENSIIDAE. 

Shell  like  Mytilus  without  its  pearly  lining;  umbo  at  the  interior 
end;  mantles  fused  below,  with  both  siphons  complete  and  prominent; 
foot  small,  with  byssus:  2  genera;  marine. 

OovoSBIA  Partsch.  With  the  characters  of  the  family:  several 
species. 

D.  lencophsta  (Conrad).  Shell  13  mm.  long,  7  mm.  high,  6  mm. 
wide;  outer  surface  rough  and  brownish:  Maryland  and  southwards,  on 
oysters  in  brackish  water. 

Faiolt  7.    LTJCINIDAE. 

Shell  round,  equivalve,  compressed ;  anterior  muscle  impression  nar- 
rower and  much  longer  than  the  posterior;  foot  very  long,  without 
byssus;  mantle  open  below;  siphons  usually  incomplete;  ligament  more 
or  less  internal :  200  species. 

Key  to  the  genera  of  Lucinidae  here  described : 

Oi  Hinge  teeth  present 1.  Lucina 

Ob  No  teeth 2.  Cbtftodoh 
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1.  LmmA  Bn^nidre.  Hinge  teeth  consisting  of  1  or  2  cardinab 
and  usually  2  laterals  in  each  valve;  lunnle  distinct;  foot  somctimeB 
twice  as  long  as  the  animal,  and  hollow:  100  species. 

Ii,  filosa  Stimpson  (Fig-  920).    Shell  thick,  regular;  hinge  maigin 
straight;  surface  whitish,  with  prominent  lines  of  growth;  1  cardinal  in 
the  left  and  2  in  the  right  valve;  no  laterals;  length 
and  height  37  mm. ;  width  15  mm. :  Arctic  Ocean  to 
Patagonia,  in  rather  deep  water. 

S.  OSTTTODOV  Turton.    Teeth  absent;  foot  long 
and  very  slender:  16  species. 

0.  gonldl  (Philippi).    Shell  minute,  white,  7.5 
mm.  long,  8  mm.  high,  2.5  mm.  wide:  Long  Island  to         _     920—LubI»» 
Gulf  of  St  Lawrence,  in  6  to  300  fathoms.  J^""  (QonW). 

Fahilt  8.    KELLYELLIDAE. 

Shell  minute,  thin,  equivalve,  roand  or  oval;  hinge  with  1  or  2  car- 
dinals, a  prominent  anterior  lateral,  which  is  beneath  the  cardinal,  and  a 
posterior  lateral,  which  may  be  wanting;  ligament  external;  no  pallia! 
sinns;  mantle  open  below ;  anal  siphon  complete :  1  species  on  the  Atlantic 
coast. 

TvSTOnA  Forbes  and  Hanlcy.  Shell  attached  by  a  byssus;  shell 
oval :  in  northern  seas, 

T.  mlnnta  (Fabricios)  (Fig.  921).  Lei^h  2  mm.;  height  12  mm.; 
width  1  mm. ;  color  yellowish  inside  and  out,  blending  into  purple  on  the 
umbo:  circumpolar,  south  to  Cape  Cod  and  Alaska;  common  under  stones 
at  low-water  mark  and  among  the  roots  of  seaweed;  Europe. 

Faiolt  0.    EBTCimDAE. 

Shell  minute,  thin,  equivalve;  hinge  with  1  or  2  cardinals  of  which 

the  anterior  one  is  oblique;  laterals  not  constant;  ligament  internal;  no 

pallial  sinus;  mantle  united  below,  with  3  open- 

ii^s,  a  posterior  anal  opening,  a  median  one  for 

the  foot,  and  an  anterior  branchial  openii^;  foot 

long,  with  byssus;  viviparous:  marine;  5  genera. 

Pis  921— TiiriMio  m(-  KsLLlA  Turtou.     Shell  without  pallial  sinus 

«,(a(Qonid).  Fi«- 822--     gnd  with  1  lateral  tooth  in  each  valve :  about  35 

KeUia  planutata  (Gonia). 

species. 
K.  plannlata  Stimpson  (Fig.  922).    Shell  minute  but  not  very  thin, 
oval,  white,  with  a  brownish  periostrscnm,  4  mm.  long,  3  mm.  high,  and 
1.5  nun.  wide:  Arctic  Sea  to  Long  Island  Sound,  under  stones  and  in 
shallow  water:  not  common. 
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Family  10.    CTBENIDAE. 

Shell  small,  oval  or  more  or  less  triangular,  thin,  greenish  or  yellow- 
ish in  color;  1  to  3  cardinals  and  both  anterior  and  posterior  laterals  in 
each  valve ;  small  pallial  sinus  or  none ;  foot  elongate,  flattened ;  ligament 
external;  eggs  hatched  in  the  inside  pair  of  gills;  mantle  open  below 
with  more  or  less  complete  siphons :  several  hundred  species,  all  in  fresh 
or  brackish  water,  living  usually  in  small  streams,  ponds,  and  lakes, 
either  in  or  on  sand  or  mud  or  on  submerged  plants;  the  young  have  a 
byssus  by  which  they  often  suspend  themselves. 

Key  to  the  genera  of  Cyrenidae  here  described: 

Oi  Umbo  median  or  towards  the  anterior  end 1.  Svhmsouu 

Ot  Umbo  towardfl  posterior  end 2.  Pisidium 

1.  SFHJniTTX  Scopoli  {Cyclas  Brugui^re).  Shell  thin,  ovoid,  green- 
ish; cardinals  small  or  rudimentary,  1  arched  cardinal  being  in  the  right 
and  2  in  the  left  valve;  laterals  compressed;  umbo  usually  a  little  in 
advance  of  the  middle;  siphons  elongate,  of  unequal  size,  the  branehial 
being  the  largest,  and  neither  being  closed  except  at  the  base:  75  speeies; 
cosmopolitan;  abqut  20  in  this  country. 

Key  to  the  species  of  Spharium  here  described : 

Oi  Umbo  in  front  of  the  center;  shell  solid. 

hi  Lines  of  growth  coarse S.  BTAMimsuM 

5,  Surface  almost  smooth S.  stbiatinuic 

Oa  Umbo  median. 

6i  Shell  fragile,  light-colored S.  occidentaub 

b.  Shell  solid,  dark-colored S.  suix^atuk 

8.  stamineum  (Conrad).  Shell  large,  inflated,  oval,  14  mm.  long, 
11  mm.  high,  and  9  mm.  wide;  surface  shining,  yellowish  or  brownish  in 
color,  with  coarse  lines  of  growth;  umbo  made  prominent  by  a  number 
of  coarse,  rounded  ridges:  eastern  and  central  states;  eonmion. 

S.  striatinnm  (Lamarck).  Shell  elongated,  yellowish  in  color,  10.5 
mm.  long,  7.5  mm.  high,  6  mm.  wide,  with  a  smooth  shining  surface  and 
delicate  lines  of  growth:  entire  country;  common. 

S.  occidentale  Prime  (Fig.  923).    Shell  round,  with  the  umbo  median 

small,  fragile,  inflated,  light  yellowish  in  color,  7.5  muL 

long,  7.7  mm.  high,  4.5  mm.  wide;  surface  shining,  with 

very  fine  lines  of  growth :  entire  country ;  very  common. 

^i^um  ^'  sulcatum*  (Lamarck).    Shell  large,  oval,  inflated, 

^(Baker)!^         rather  solid,  with  coarse  lines  of  growth,  18  mm.  long,  13 

mm.  high,  and  10  mm.  in  width;  surface  smooth  and  dark 
brown  in  color;  lateral  teeth  in  a  straight  line  with  the  cardinals  instead  of 
at  right  angles  to  them :  entire  country ;  not  so  common  as  the  others. 

*  See  "Anatomy  of  Spbaerlum  sulcatam  Lam.,'*  by  Q.  A.  Drew,  Proc.  Iowa  Acad. 
Sd.,  Vol  S,  p.  173,  1895. 
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2.  PisxDiuic  Pfeiffer.  Shell  minute,  round  or  oval;  greenish  or 
yellowish  umho  a  little  baek  of  the  middle,  and  directed  backwards;  2 
cardinals  in  the  left  and  1  in  the  right  valve;  laterals  lamelliform,  1  in 
the  right  and  2  in  the  left  valve;  anal  siphon  alone  present;  foot  tongue- 
shaped,  capable  of  great  extension:  60  species;  cosmopolitan;  about  20 
in  America. 

Key  to  the  species  of  PiMium  here  described: 

Oi  Shell  triangular P.  comfbbsstjm 

Oa  Shell  round  or  oval. 

bx  Shell  without  ventral  yellow  band P.  abditux 

ha  Shell  with  darker  yellow  ventral  band P.  VAKrAinT.B 

Ox  Pallial  sinus  very  large;  siphons  separate. 

P.  compressum  Prime.  Shell  solid,  triangular,  inflated,  very  oblique; 
umbo  elevated,  with  a  wing-like  appendage  on  the  summit;  dorsal  margin 
acutely  arched;  length  and  height  4.5  mm.;  width  3  mm.;  color  yellow 
or  brownish:  entire  country;  often  common. 

P.  abditum  Haldeman  (Fig.  924).    Shell  oval,  solid,  4.25  mm.  long, 
3  mm.  high,  and  2.5  mm.  wide;  surface  smooth,  shining, 
bright  yellowish  in  color;  1  arched  cardinal  in  the  right 
and  2  m  the  left  valve;  laterals  strong  and  curved:  entire       ^ 
country;  the  commonest  species. 

P.  variabile  Prime.    SheU  round,  solid,  inflated,  with         /Jg-jJ^i 
umbo  very  much  elevated,  4.5  mm.  long  and  high,  and  3.1         (sato? 
mm.  wide;  surface  smooth  with  heavy  lines  of  growth, 
light  yellow  or  greenish  in  color,  with  a  yellow  ventral  zone:  entire 
country  north  of  Virginia;  common. 

SuBORDEB  2.    TELLINACEA. 

Shell  equivalve,  elongate  or  more  or  less  triangular;  pallial  sinus 
very  large,  extending  forwards  sometimes  almost  to  the  anterior  adductor 
muscle;  mantle  edges  usually  open  below;  siphons  very  long,  and  usually 
separate;  foot  and  palps  large;  2  adductor  muscles:  7  families;  marine. 

Key  to  the  families  of  TelUnacea  here  described: 

Oj  Pallial  sinus  very  large;  siphons  separate. 
\  Ligament  external. 

Ci  Inner  margin  of  shell  not  crenulated 1.  TsixiinDAE 

c^  Inner  margin  of  shell  crenulated 3.  Donagidab 

5,  Ligament  partly  internal,  inserted  in  a  pit  in  the  shell 2.  Sbheudax 

Hi  Pallial  sinus  not  so  large ;  siphons  fused 4.  BiAOXBiDAB 

Family  1.    TELLINIDAE. 
Shell  compressed,  eqnivalve,  with  1  or  2  cardinal  teeth,  and  usually 
1  lateral  in  each  valve;  pallial  sinus  very  large;  ligament  external,  promi- 
nent; mantle  widely  open  below  and  in  front;  siphons  very  long,  slender, 
and  separated :  over  600  species,  in  all  seas,  chiefly  littoral. 
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Eley  to  the  genera  of  TeUinidae  here  described: 

Oi  Shell  over  12  mm.  long. 

&i  Shell  elliptical ;  lateral  tooth  present 1.  Teixjha 

hg  Shell  round  or  ovate ;  no  laterals 2.  Maooma 

Os  Shell  under  6  mm.  in  length .3.  Gastbanella 

1.  Tellzva  L.  Shell  slightly  inequivalve,  oval,  rounded  in  front, 
with  an  oblique  ridge  behind;  umbo  nearly  central;  2  cardinals  and  usu- 
ally posterior  and  anterior  lateral  in  each  valve:  300  species,  chiefly  in 
the  tropics,  where  the  shells  are  often  highly  colored. 

T.  tenera  Say  (Fig.  925).  Shell  14  nun.  long,  9  mm.  high,  and  3  mm. 
wide,  thin,  delicate,  white  or  pinkish  in  color,  i>olished,  sometimes  con- 

eentrically  banded;  umbo  a  little  back  of  the  middle;  1  of 
the  cardinals  rudimentary  in  each  valve:    Gulf  of  St 
Liawrence  to  west  coast  of  Florida,  on  sandy  beaches; 
Fi£  926  often  common;  West  Indies. 

^^^SUn?****  T.  tenella  Verrill.     Shell  same  in  size  and  color  as 

above;  anterior  dorsal  margin  straight  or  concave;  pos- 
terior end  short  and  rounded ;  umbo  at  the  posterior  third :  Long  Island 
and  Vineyard  Sounds  in  4  to  10  fathoms. 

2.  Maooka  Leach.  Shell  oval,  round  or  triangular,  equivalve, 
swollen,  gaping  at  the  ends;  2  weak  cardinals;  no  laterals;  anal  siphon 
long;  branchial  short:  100  species,  in  all  seas. 

M*  tenia  Say.  Shell  oval,  very  convex,  thin,  white,  with  pointed 
umbo;  posterior  part  narrowed;  length  15  mm.;  height  10  mm.;  width  5 
mm.;  2  cardinals  in  the  right  and  1  in  the  left  valve:  Cape  Cod  to 
Florida;  common  in  muddy  bays;  West  Indies. 

H  baltica  (L.)  (Fig.  926).  Shell  nearly  round,  thin,  sUghtly  nar- 
rowed behind,  23  mm.  long,  18  mm.  high,  and  9  mm.  wide;  2  cardinals  in 


Fig.  926  Big.  927  Fig.  928 

Fig.  926 — MacOfMk  hiUUca  (Gtould).     Fig.  927 — ChutraneUa  tun^ida  (Yerrffl). 

Fig.  928— C«M<fHKa  telHnoides  (Goald). 

each  valve:  Arctic  Ocean  to  Georgia,  very  conmion  in  shallow  water;  in 
muddy  bays  the  shell  is  thick,  of  bluish  or  rusty  color,  and  covered  with 
a  dark  periostracum,  in  sandy  localities  pure  white  or  pinkish  or  yellow- 
ish and  thin;  Pacific  coast;  Europe. 

3.  GA8TBAVSIJ.A  Yerrill.  Shell  minute,  elongate,  more  or  less  irreg- 
ular; 2  cardinals  in  each  valve;  no  distinct  laterals;  siphons  long  and 
separate :  1  species. 
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G.  tomlda  Terr.  (E^.  927).  Shell  with  rotmded  endfl,  nompressed 
posterially;  ventral  mai^n  variable,  being  convex,  strai^t,  or  concave; 
color  white  with  purple  umbo ;  length  4  nun. ;  height  2.5  mm. ;  width  1.5 
mm.:  Long  Island  Sound  to  Cape  Hatteras. 

FiJCLT  2.    SEUELEDAE. 

Shell  thin,  round  or  ovate,  gaping  and  nnnsually  twisted  at  the 
hinder  end;  external  ligament  short;  internal  ligament  in  a  pit;  hinge 
teeth  weak:  many  species. 

OimiMSiA  Sowerby.  Shell  oval,  often  irregnlar  in  fonn;  hinge  with 
a  small  anterior  cardinal  and  usually  2  elongated  lateral  teeth  in  eaeh 
valve:  10  species. 

0.  tellinoides  (Conrad)  (Fig.  S28).  Shell  thin  and  fragile,  15  mm. 
long,  11  mm.  high,  5  nun.  wide,  rounded  in  front,  and  triangular  and 
pointed  behind;  lateral  teeth  wanting  in  the  left  valve;  color  bluish- 
white:  Cape  Cod  to  west  coast  of  Florida;  West  Indies;  often  common 
in  shallow  water. 

FuoLT  3.    DOKACTDAE. 

Shell  more  or  less  triangular,  wedge-shaped,  usually  thiek;  ligar 
mcnt  e:ctemat  and  short;  foot  very  long;  mantle  open  below;  gills  very 
different  in  size:  about  6  species,  on  the  southem  Atlantic  coast;  marine 
or  in  brackish  water. 

SoHAx  L.  Shell  rounded  in  front  and  behind;  mantle  fringed;  2 
cardinals  and  1  lateral  in  each  valve ;  100  species. 

D.  fossor  Say.     Shell  small,  elongated  in  front,  obliquely  rounded 
and  very  short  behind;  surface  with  radiating  striations;  inner  marg^ 
crennlated;  length  12  nun.;  he^t  7  nun.;  width  4  mm.;  color  white: 
south  shore  of  Long  Island  to  Texas,  in  shallow  water;  common. 
Fault  *.    UACTBIDAE. 

Shell  eqntvalve,  more  or  less  tri- 
angular, closed  or  slightly  gaping; 
pallial  dnuB  quite  short;  2  liga- 
ments, an  external  and  an  internal, 
the  Utter  contained  in  a  deep  trian- 
gular pit ;  hinge  with  2  divergent  ear^ 
dinal  and  usually  2  lateral  teeth; 

murtl.   open   below;   riphon.   long     "»  •«-''•*•  »»«•«"  (O"")- 
and  f nsed,  and  with  fringed  orifices :  numerous  species. 

1.  Maot&a  L.  Shell  slightly  gaping  at  the  ends;  umbo  prominent; 
foot  taige:  150  species,  in  all  seas,  especially  in  the  tropics. 

H.  ISpiaula  Adams)  soUdlBsima  Dillwyn.  Giant  etam  (Fig.  929). 
Shell  large  and  solid;  color  brown  or  white;  length  15  em.;  height  12 
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cm.;  width  7  cm. :  Liabrador  to  Cape  Hatteras;  common  on  sandy  bottoms 
in  shallow  water;  sometimes  used  for  food;  Europe. 

M*  lateralis  Say.  Shell  small,  triangular,  very  convex;  color  white, 
with  a  brown  periostracum;  length  15  mm.;  height  12  nmL;  width  10 
mm.:  Nova  Scotia  to  Texas;  West  Indies;  in  shallow  water  on  muddy 
bottoms;  often  very  abundant,  especially  in  Long  Island  Soond. 

2.  Labzoba  Schmidt.  Shell  oblong,  widely  gaping,  with  the  poste- 
rior dorsal  border  reflexed  and  with  a  distinct  ridge  below:  aboat  2 
species  on  the  Atlantic  coast. 

L.  lineata  Say.  Shell  oval,  the  surface  unequally  and  slightly 
wrinkled;  color  white;  length  7  cm.;  height  5  cm.;  width  28  mm.:  New 
Jersey  to  Texas;  West  Indies;  in  shallow  water. 

SuBOBDEB  3.    YENERACEA. 

Shell  round,  oval,  or  elongate;  usually  thick  and  solid;  mantle  edges 
usually  open  below;  siphons  usually  short  and  more  or  less  united;  pal- 
lial  sinus  present;  2  adductor  muscles:  3  families,  all  marine. 

Key  to  the  families  of  Veneracea  here  described: 

a,  Shell  regular  and  thick 1.  Venexidajb 

Ob  Shell  more  or  less  irregular  and  thin 2.  Petbicoudab 

Family  1.    VENEEIDAE.* 

Shell  regular,  heavy;  ligament  external;  hinge  usually  with  3  diverg- 
ing teeth  in  each  valve ;  laterals  not  constant ;  pallial  sinus  usually  small ; 
mantle  open  below:  several  hundred  species,  in  all  seas,  those  in  the 
tropics  often  very  brightly  colored. 

Key  to  the  genera  of  Veneridae  here  described: 

Oi  Margin  of  shell  crenulated. 

bt  Shell  large  with  a  rough  surface 1.  VEinTS 

(,  Shell  small  and  smooth 2.  Gbmma 

o.  Margin  not  crenulated. 

&t  Shell  ovate 3.  Gallogabdia 

6a  Shell  round,  as  high  as  long 4.  DosnoA 

1.  Vehtts  L.  Shell  thick  and  round  or  ovate,  inner  lower  margin 
minutely  crenulated;  cardinal  teeth  3  in  each  valve;  laterals  absent; 
lunule  distinct;  ligament  prominent;  siphons  short,  unequal,  and  more 
or  less  separated ;  mantle  margins  fringed :  numerous  species,  in  all  seas. 

V.  mercenaria  L.t  Hard-shell  clam.  Round  clam.  Quahog  (Fig. 
930).    Shell  oviite  or  heart-shaped;  anterior  end  short  and  truncated; 

*  See  "Synopsis  of  the  Family  Veneridae  and  of  the  North  Americsn  Recent 
Species/'  by  W.  H.  Ball,  Proc  U.  S.  Nat  Mns.,  Vol.  26,  p.  335,  1902. 

t  See  "Clam  and  Scallop  Industries  of  New  York/*  by  J.  L.  Kellogg,  Bull.  43, 
N.  T.  State  Musenm,  1901.  "Feeding  Habits  and  Growth  of  Venus  Mercenaria/*  by 
same,  Bull.  71*  same. 


I.  630 — Venut  BMrtwnarto 


PELEC7P0DA  Sftl 

posterior  end  blnstlj'  pointed;  umbo  directed  forwards;  surface  dirty 

white,  with  prominent,  sharp,  concentric  ridges;  inner  sarface  dull  white, 

lower  margin  violet  or  purple;  length  11 

cm.;  height  9  cm.;  width  6  em.:  Oulf  of  St. 

Lawrence  to  Texas,  on  sandy  and  mnddy 

bottoms    in    shallow   water,   very   common 

south  of  Cape  Cod;  used  extenuvely  for 

food;  the  shells  were  used  by  the  Indians 

in  the  mannfacture  of  wampum,  the  violet 

portion  forming  the  most  valuable  pieces. 

FIs.  630 — Vmut  m 

V.  cancelUta  L.     Shell  heart-shaped,      (Qould).    1.  IdddIb; 
8,  11guii«nt. 
white,  usually  with  brown  spots;  surface 

with  concentric  ridges  and  radial  farrows;  length  4  cm.;  height  27  mm.: 
Cape  Hatteras  to  west  coast  of  Florida;  West  Indies. 

2.  OxmiA  Deshsyes.  Shell  round,  the  umbo  being  nearly  central; 
3  cardinal  teeth  in  the  left  and  2  in  the  right  valve;  pallial  sinns  long, 
narrow,  and  ascending;  lunule  indistinct;  mai^ia  ereuntated  within:  1 
species  on  the  Atlantic  and  Pacific  coasts. 

O.  gamma  (Totten).  Oem  shell  (Pig.  931).  Shell  small,  with  a 
smooth  ghining  sorfsce  and  concentric  ridges;  color  yellowish,  white,  or 
pink;  umbo  and  binder  end  amethyst;  length  4  mm.;  height 
3.5  nun.;  width  2  mm.:  Labrador  to  Cape  Hatteras,  in  the 
sand  in  shallow  water  or  between  tide  marks;  often  very 
Ftf. 031       common;  San  Francisco. 

emma  ^-  Oallooasdu   Adoms.      Similar   to    Venus,   but    the 

(OoQid).  margin  of  the  shell  is  not  crennlated;  hinge  with  3  car^ 
dinal  teeth  in  each  valve  and  1  or  2  laterals:  numerous  species;  cos- 
mopolitan, 

0.   coDTeza   Say    (Fig.   932).    Similar   in   appearance   to    Vemu 
mercenaria;  length  43  mm.;  height  35  mm.;  width  24  mm.;  no  purple  on 
inner  surface;  siphons  very  long:  Nova  Scotia  to 
Florida;  often  common. 

4.  DOBIMU  Scopoli.  Shell  orbicular,  com- 
pressed, with  concentric  ridges;  hinge  like  Cal- 
locardia;  lunule  distinct;  margin  of  shell  not 
crennlated;  pallial  sinus  large,  oblique,  ascend- 
ing; siphons  united  throughout:  100  species,  in 
shallow  water. 

D.  discos  Reeve.  Shell  smooth,  with  5  rc^lar  concentric  grooves; 
nmbo  pointed,  with  a  large  oblong  groove  underneath;  muscle  impre»- 
sions  very  large;  color  yellowieh-wbite ;  length  66  mm.;  height  61  mm.; 
width  22  mm.:  Viiginia  to  Texas;  common. 


■■■i^-^K^ 
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Family  2.    PETBICOLIDAE. 

Shell  elongate^  or  more  or  less  irregular  in  form,  thin,  and  with  ends 
rounded;  2  or  3  delicate  teeth  in  each  valve;  no  laterals;  pallial  sinns 
deep;  mantle  closed  in  front  with  an  opening  for  the  small  foot;  siphons 
long,  united  at  the  base:  2  genera,  in  shallow  water  and  between  tides, 
where  the  animals  bore  into  clay,  limestone,  and  coral,  making  round 
holes  the  diameter  of  the  shell. 

Pbtbioola  Lamarck.  With  the  characters  of  the  fSamily:  13 
species. 

P.  pholadifonniB  Lam.  (Fig.  933).    Shell  elliptical,  swollen,  gaping; 

umbo  near  anterior  end;  surface  curved,  with  radiat- 
ing grooves  and  ridges,  those  at  the  anterior  end 
being  coarse,  those  back  of  the  umbo  being  fine; 
length  32  muL;  height  17  mm.;  width  15  muL;  in- 
^hSuid^^Siu^  terior  with  radiating  furrows:  Gulf  of  St.  Lawrence 
(Oonid).  ^Q  Texas,  common  south  of  Cape  Cod,  boring  in  clay. 

SuBOBDEB  4.    CARDIACEA. 

Shell  equivalve,  solid,  with  or  without  hinge  teeth;  ligament  external; 
1  or  2  adductor  muscles;  siphons  short;  mantle  closed  below,  with  an 
opening  for  the  foot;  with  or  without  pallial  sinus:  8  families,  all  in  salt 
or  brackish  water,  to  one  of  which  belongs  the  gigantic  Tridacna  gigas  of 
the  Pacific,  the  shell  of  which  may  weigh  over  200  kilograms  and 
measure  a  meter  or  more  in  length. 

Family  CABDIIDAE.* 

Shell  heart-shaped,  usually  with  radiating  ridges  or  bands,  more  or 
less  chalky  in  texture;  ligament  short  and  prominent;  pallial  sinus  small 
or  absent;  a  small  and  a  large  cardinal  in  each  valve;  laterals  not  con- 
stant but  usually  present;  inner  border  of  shell  denticulate;  2  adductor 
muscles;  mantle  open  below;  siphons  short;  foot  very  laige  and  bent: 
200  species;  cosmopolitan. 

Key  to  the  genera  of  Cardiidae  here  described : 

CK  Shell  with  radial  ribs 1.  Gabdittjc 

a.  Shell  without  riba. 

hx  Shell  small ;  teeth  large 2.  LsviCABDnTM 

d^  Shell  large ;  teeth  small  or  wanting 3.  Sebbxfbs 

1.  Oabdivx  L.  Cockle.  Shell  with  prominent  ribs  and  thick,  often 
with  spines  or  scales,  closed  or  gaping  behind;  no  pallial  sinus;  umbo 

•  See  '*Synop8l8  of  the  Family  Cardiidae  and  of  the  North  American  Spedaa," 
by  W.  H.  Dall,  Proc.  U.  8.  Nat  Mne.,  Vol.  2d,  p.  881.  1900l 
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near  the  center  of  the  shell;  siphons  very  short,  and  separate;  1  or  2  car- 
dinals, 1  or  2  posterior  laterals  and  2  anterior  laterals  in  the  right  valve, 
and  2  cardinals,  1  anterior  and  1  posterior  lateral  in  the  left  valve; 
mantle  margin  with  papillae :  100  species. 

Key  to  the  species  of  Cardium  here  described : 

Ox  Shell  large. 

&t  Occurs  north  of  Gape  C!od O.  ibiandigum 

&,  Occurs  in  the  southern  states O.  icaonum 

o.  Shell  small 0.  pinnxtlatum 

0.  isUadicmn  L.  Shell  large,  rounded,  with  about  36  ribs  sepa- 
rated by  deep  grooves,  and  with  concentric  lines  of  growth;  periostracum 
yellowish-brown,  forming  a  stiff  fringe  on  the  edges  of  the 
ribs,  but  often  absent  in  the  dead  shell;  length  5  em.; 
height  somewhat  less;  width  25  mm.:  circumpolar,  south 
to  Cape  Cod  and  Puget  Sound,  in  5  to  50  fathoms; 
Europe.  Wgj^JJM 

0.  pinnulatom  Conrad  (Fig.  934).    Shell  round,  small,       'mo^d?*^ 
thin,,  with  about  26  ribs  with  a  row  of  arched  scales  on 
each,  inside  with  furrows  corresponding  to  the  ribs;  length  U  mm.; 
height  10  mm.;  width  7.5  mm.;  color  white,  interior  white  or  pink: 
Cape  Cod  to  Labrador,  in  1  to  200  fathoms. 

0.  aapiumnSom.  Shell  large,  with  about  35  ribs;  color  yellowish- 
brown,  with  transverse  rows  of  brown  spots;  length  10  cm.;  height 
11  cm.;  width  75  mm.:  Virginia  to  Texas,  in  shallow  water;  West 
Indies. 

2.  Ljeyioabdiuic  Swainson.  Shell  oval,  oblique;  umbo  nearly  cen- 
tral, surface  smooth  or  with  slight  radial  striations:  20  species. 

L.  mortoni  (Conrad)  (Fig.  935).    Shell  small,  thin, 
f  globular,  pale  fawn  color  sometimes  with  brown  spots, 

5^^^^  within   bright   yellow,    with    a   purplish    blotch   jws- 

ivp         .•yftlr**^      terially;  surface  smooth,  without  ribs;  length  25  mm.; 

height  22  mm.;  width  17  mm.:  Nova  Scotia  to  west 

coast  of  Florida,  in  shallow  water;  very  common  south 

^  of  Cape  Cod  on  sandy  flats. 

Fiir.  936— L<9vi-  3«  SsB&ZFES    Beck.     Shell    nearly    round,    com- 

(Gould).   1.  liga-      pressed,  rather  thin;  umbo  nearly  central,  prominent;/^ 

Sphon;  's.  bran-      surface   smooth   or  slightly  radiated;   cardinals   and 

foot  '^  ^°'     '      laterals  obtuse,  almost  wanting:  1  species,  on  both 

coasts. 
8.  gnenlaadicns  (Gbnelin).    Shell  70  mm.  long,  55  mm.  high,  and 
30  mm.  wide;  white  or  drab  in  color;  margin  slightly  crenulated;  foot 
serrated :  circumpolar,  south  to  Cape  Cod  and  Puget  Sound* 
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Suborder  5.    MTACEA. 

Shell  either  regular  or  irregular,  not  pearly,  with  or  without  hinge 
teeth;  ligament  internal  or  external;  siphons  long;  pallial  sinus  present; 
2  adductor  muscles;  mantle  closed  helow  with  an  opening  for  the  small 
foot:  5  families,  all  marine;  all  burrowing  in  sand,  mud,  or  rock. 

Key  to  the  families  of  Myacea  here  described: 

Oi  Shell  long  and  narrow,  margins  usually  parallel 2.  Soleridab 

Ob  Shell  not  long  and  narrow. 

hx  Left  valve  with  shelf -like  process  for  ligament 1.  Mtzdab 

5a  No  such  process 3.  Sazxg^vidjjb 

Family  1.    MTIDAE. 

Shell  rather  thick,  inequi valve,  gaping  at  one  or  both  ends;  l^ament 
internal,  attached  in  left  valve  to  a  prominent  shelf -like  process;  hinge 
teeth  variable;  periostracum  wrinkled;  pallial  sinus  large;  siphons  par- 
tially or  wholly  retractile,  united:  250  species. 

Key  to  the  genera  of  Myidae  here  described : 

Ox  Hinge  toothless 1.  Mta 

o.  Hinge  with  a  tooth  on  each  valve 2.  Coeboul 

1.  Mta  L.  Shell  oblong,  gaping  behind  and  more  or  less  irregular; 
siphons  very  long  and  partially  retractile,  covered  with  periostraeum; 
hinge  toothless;  foot  small,  with  byssus  in  youth:  3  species,  2  on  the 
Atlantic  and  Pacific  coasts. 

M.  arenaria  L.  Soft-shell  clam.  Long  clam  (Fig.  936).  Shell 
ovate,  white,  covered  with  a  brownish  periostracum;  length  10  cm.; 


Fig.  936  Big.  937 

Fig.  936 — Jlya  arenaria  (Verrlll).    1»  foot ;  2,  mantle ;  3,  doacal  siphon ;  4,  branchial 

siphon.     Fig.  937 — Corhula  oontraeta  (Gould). 

height  6.5  cm.;  umbo  nearer  anterior  end:  Arctic  Sea  to  Cape  Hatteras, 
between  tide  lines  and  in  shallow  water  in  mud  flats  and  under  stones; 
San  Francisco;  Europe;  a  common  article  of  food. 

M.  tmncata  L.  Shell  truncated  behind;  periostraeum  thick  and 
extended  posteriorly,  forming  a  tube  15  cm.  long;  length  7  cm.;  height 
4  cm.;  width  3  cm.:  circumpolar,  south  to  Cape  Cod  and  Puget  Sound; 
not  oommonj  Europe,  where  it  is  more  plentiful  than  M.  arenaria. 
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2.  OoBBUliA  Brugui^re.  Shell  small,  inequivalve,  thick,  gaping  in 
front;  hinge  with  an  upright  tooth  in  each  valve  which  fits  into  a  pit  in 
the  other;  siphons  short:  75  species. 

0.  contracta  Say  (Fig.  937).  Shell  10  mm.  long,  6  mm.  high,  and 
5  mm.  wide,  with  a  broad,  rounded  anterior  and  a  pointed  posterior  end; 
surface  with  regular,  smooth,  concentric  ridges:  Cape  Cod  to  Florida,  in 
sand  and  mud. 

Family  2.    SOLENIDAE. 

Shell  thin,  equivalve,  long,  and  narrow,  and  with  gaping  ends;  liga- 
ment external;  1  to  3  cardinals  in  each  valve;  no  laterals;  foot  large, 
cylindrical;  siphons  short,  united  about  half  their  length:  100  species. 

Key  to  the  genera  of  Solenidae  here  described : 

Oi  Margins  parallel 1.  Enbis 

a.  Margins  not  parallel ;  shell  elliptical. 

5}  Pallial  sinus  short 2.  Siliqua 

5a  Pallial  sinus  very  long 3.  Taqelus 

1.  Eireis  Schumacher.  Razor  clams.  Shell  very  long  and  narrow, 
with  parallel  margins,  with  a  slight  bend  making  the  dorsal  side  concave 
and  the  ventral  convex;  2  hinge  teeth  in  the  right  and  3  in  the  left  valve 
near  the  anterior  end;  umbo  near  same  end :  14  species;  in  shallow  water. 

E.  directua  Conrad  (Fig.  938).  Shell  about  6  times  as  long  as  high; 
ends  truncate ;  right  valve  with  1  projecting  tooth  and  an  elongated  ridge- 
like tooth  back  of  it ;  left  valve  with  2  projecting  teeth  and  a  double  ridge; 


Fig.  938  Fig.  039 

Fig.  938 — Ensis  directug  (Gould).    Fig.  939 — SiUqua  costata  (Gould). 

length  15  cm. ;  height  25  mm. ;  width  16  mm. ;  color  yellowish  or  greenish : 
Labrador  to  west  coast  of  Florida,  common  in  the  sand,  in  which  it 
buries  itself  by  a  digging  motion  of  the  foot. 

E.  viridis  (Say).  Shell  about  5  times  as  long  as  high;  dorsal  mar- 
gin nearly  straight ;  anterior  end  truncate,  posterior  rounded ;  hinge  with 

1  tooth  in  each  valve;  periostracum  light  green,  glossy;  length  5  cm.; 
height  10  mm.;  width  6  mm.:  Rhode  Island  to  west  coast  of  Florida. 

2.  SnJaxTA  Miihlfeldt.  Shell  elliptical,  smooth,  with  a  rib  extending 
from  the  umbo  across  the  shell  on  the  inner  surface;  pallial  sinus  short; 

2  cardinals  in  the  right  and  3  in  the  left  valve:  20  species. 

S.  costata  (Say)  (Fig:.  939).  Shell  thin,  shining,  with  a  greenish 
periostracum,  45  mm.  long,  18  mm.  high,  7  mm.  wide:  Nova  Scotia  to 
Cape  Hatteras,  in  the  sand  in  shallow  water;  often  very  common. 
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FUr.  940 — Tag€iu9  oihhu8  (Yer- 
rlU).  1,  foot ;  2.  cloacal  siphon ; 
8,  branchial  siphon* 


3.  Taoelvb  Gray.  Shell  elongated  with  the  dorsal  and  ventral  mar- 
gins nearly  parallel;  umbo  central;  2  cardinals  in  each  valve;  foot  too 
large  to  be  retracted  into  the  shell;  siphons  separated  at  the  end;  pallial 
sinus  very  large:  2  species  on  the  Atlantic  coast. 

T.  gibbns  (Spengler)  (Fig.  940).  Shell  thick,  rounded  at  both  ends; 
umbo  back  of  the  middle,  and  ligament'  back  of  it;  length  9  cm.;  height 

3  cm.;  width  2  cm.:  Cape  Cod  to 
Texas,  common  on  muddy  bottoms 
in  shallow  water,  in  which  it  bar- 
rows; Europe 

T.  divisiu  (Speng.).  Shell  email 
and  delicate,  elliptical  in  shape, 
ends  rounded,  the  posterior  being 
somewhat  more  acute  than  the  ante- 
rior; umbo  nearly  central;  length  35  mm.;  height  12  mm.;  width  9  mm.; 
surface  smooth,  with  a  band  of  purple  passing  from  the  umbo  across  the 
shell:  Cape  Cod  to  west  coast  of  Florida;  West  Indies. 

Fahilt  3.    SAXICAVIDAE. 

Shell  thick,  equivalve,  gaping  at  the  ends;  hinge  toothless  or  with 

1  or  2  cardinals;  ligament  external,  prominent;  pallial  line  sinuous; 
pallial  sinus  present;  mantle  margins  fused,  leaving  a  small  opening  for 
the  small  foot;  siphons  large  and  long,  united,  covered  with  a  thick 
periostracum :  25  species;  cosmopolitan. 

Key  to  the  genera  of  Saxicavidae  here  described: 

Oj  Umbo  nearer  the  anterior  end 1.  Saxicava 

Oa  Umbo  nearer  the  posterior  end 2.  Ctbtodaria 

1.  Saxioata  Bellevue.  Shell  symmetrical  when  young,  with  2  minute 
teeth  in  each  valve;  adult  irregular  in  shape,  toothless;  surface  coarse; 
ligament  external:   12  species,  which  bore  in  soft  rock  and  coraL 

8.  arctica  (L.)  (Fig.  941).  Shell  very  variable  in 
form,  more  or  less  elliptical,  the  right  valve  projecting 
partly  over  the  left  and  generally  gaping;  length  25 
mm.;  height  15  mm.;  width  10  mm.;  surface  divided  by 

2  radiating  ridges  into  3  equal  portions;  color  white, 
periostracum  yellowish:  nearly  cosmopolitan;  circum- 
polar,  south  to  the  west  coast  of  Florida  and  Santa  Barbara,  Cal.;  very 
common  north  of  Cape  Cod,  boring  in  limestone  or  retreating  in  crevices 
of  the  rocks,  among  the  roots  of  seaweed,  etc. 

2.  Otbtodabia  Daudin.  Shell  elliptical,  the  posterior  end  the 
shorter;  hinge  thick,  without  teeth;  ligament  external;  animal  much  too 
large  for  the  shell :  1  species  on  the  Atlantic  coast. 


Fig.  941 

Sa^icara  arctica 

(Gould). 
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0.  siliqiu  (Sprengler).  Sbell  very  thick  and  heavy;  length  85  mm.i 
height  35  mm.;  width  24  mm.;  periostracum  thick  and  black;  Cape  Cod 
to  the  Arctic  Ocean,  in  deep  water. 

SuBORDEB  6.    PHOLADACEA. 

Shell  more  or  less  modified  by  the  boring  habit;  ligament  and  hinge 
absent;  mantle  closed;  siphons  very  long  and  united  almost  their  wholo 
length;  foot  short,  often  more  or  less  rudimentary;  3  adductor  mnscles:  2 
familiee,  marine,  the  animals  boring  lone;  passages  in  wood,  rock,  or  clay 
by  means  of  a  rasping  motion  of  the  shell. 

Key  to  the  families  of  Pholadacea: 

a.  Shell  large ;  Biphous  long 1.  Fholadidax 

□i  Sbell  small ;  siphons  aiany  times  as  Iodk  sb  shell ;  BhipwariiiB.  .2.  TerbdidaI 

Faiolt  1.    PHOLADIDAE. 

Shell  rather  large,  thin,  fragile,  white,  gapii^  at  both  ends,  armed 
in  front  with  rasp-like  ridges;  pallial  ainas  deep;  dorsal  margin  of  shell 
reflected  in  part  over  the  umbo;  one  or  more  accessory  dorsal  valves;  an 
interior  curved  muscle  process  extending  from  the  nmbonal  cavity:  SO 
species,  which  bore  symmetrical  holes  in  clay,  wood,  or  rocks;  about  12 
species  on  the  Atlantic  coast. 

Key  to  the  graiera  of  Pholadidae  here  described ; 

0,  Doraat  marxin  of  sbell  reflected  over  the  umbo 1.  Pholas 

o.  Dorsal  marsin  bat  slightly  reflected 2.  Zirphaa 

1.  PhOIOS  L.  Shell  elongated  and  very  convex ;  dorsal  mai^n  pro- 
tected by  2  accessory  valves;  foot  large;  20  species,  in  all  seas. 


P.  coBUta  L.  (Pig.  942).  Shell  large,  15  cm.  long,  5  em.  high,  and 
5  cm.  wide,  with  about  30  radiating,  serrated  ribs,  the  interior  being 
marked  by  corresponding  depressions;  nmbo  near  anterior  end;  acces- 
sory valves  homy,  not  ealeareous :  Cape  Cod  to  South  America,  forming 
deep  burrows  in  the  clay;  common  in  the  southern  states,  rare  towards 
the  north;  Europe. 
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P.  tmncftte  Say  (Fig.  943).  Shell  73  mm.  long,  37  mm.  bigh,  and 
31  mm.  wide;  eloi^ate;  anterior  end  triangular  and  sliarply  point«d, 
posterior  end  broad  and  truncated;  ftnterior  portion  vitb  radiating 
ridges;  accessory  valves  calcareous:  Uaseachnsetta  Bay  to  west  coast  of 
Florida;  common  in  the  southern  states. 

2.  ZiKPSSA  Leach.  Shell  oval;  cardinal  maigin  slightly  refieeted; 
no  accessor;  valves;  umbo  protected  by  a  membrane:  3  species. 

-  Z.  crlspaU  (L.)   (Fig.  944).     Shell  thick, 

white,    rounded    posterioriy,    triangular    and 
pointed    anteriorly,    gaping    widely    at    both 
ends;  surface  divided  into  equal  halves  by  n 
broad  furrow  extending  from  the  umbo  to  the 
Eic.  M4 — ztrphoa  crUpata     lower  margia,  the  anterior  half  marked    by 
numerous  coarae  ridges;  length  60  mm.;  height 
35  mm. ;  width  34  mm. :  circumpolar,  south  to  Cape  Hatteras  and  Cali- 
fornia, boring  in  clay  and  wood  in  9  to  70  fathoms,  common  towards  the 
north;  Europe. 

Family  i.  TEBEDIDAE. 
Ship  worms.  Animal  vermiform,  with  very  long  siphons  which  are 
united  the  greater  part  of  their  length  and  have  2  calcareous  pieces  called 
tho  pallets  (Fig.  945,2)  at  the  point  where  they  separate;  valves  3-lobed, 
very  small,  gaping  at  both  ends,  forming  thus  a  ring  with  an  interior 
curved  muscle  process  extending  from  the  umbonal  cavity:  2  genera; 
7  species  on  the  Atlantic  coast;  the  animals  live  in  long  burrows  in  wood 
or  clay,  which  they  form  probably  by  the  rasping  motion  of  the  shells 
and  then  line  with  a  calcareous  coating;  they  often  do  great  damage  to 
ships  and  docks;  the  burrows  usually  follow  the  grain  of  the  wood,  but 
not  always,  and  usually  do  not  nm  into  one  another. 
Key  to  the  genera  of  Teredidae: 

a,  Palleta  spotnlate 1.  TEtEDO 

Oi  Pallets  rpathpr-ahapn] 2.  Xtlotbta 

1.  Tkkeso  L.  Body  globular,  tying  at  the  inner  end  of  the  burrow; 
valves  3-lobed,  the  center  lobe  being  the  largest;  mantle  lobes  united, 
with  a  minute  opening  for  the  foot;  siphons  united  nearly  to  the  end: 
about  20  species,  fi  on  the  Atlantic  coast. 

Key  to  the  species  of  Teredo  here  described : 
0,  Tabes  about  S  mm.  In  diameter, 
b,  Stalk  aod  blade  of  pallet  ot  eqnal  length. 

0,  PoHterior  lobes  of  Bhell  mueh  larger  Ihao  the  anterior T.  NAVAUS 

e.  Posterior  and  anterior  lobes  of  equal  siie T.  Nobvboica 

b.  Blade  of  pallet  much  loueer  than  tbe  stalk. 

c,  Blade  of  pallet  ot>ovate T.  irmoTAaa 

e.  Blade  of  pallet  ova) T.  THOupsoin 

0,  Tnbea  about  3  mm.  In  diameter T.  CHumonca 
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T.  nayalis  L.  (Fig.  945).  Length  of  tube  usually  25  cm.  or  less,  but 
sometimes  much  greater;  diameter  of  tube  6  to  10  mm.;  length  of  shell 
6  muL ;  width  2  mm. ;  posterior  lobes  of  shell  much  larger  than  the  anterior; 
pallets  rounded  on  one  side  and  flat  on  the  other,  with  the  stalk  and 
blade  of  equal  length:  Arctic  seas  to  Texas;  very  common;  Europe. 

T.  megotara  Hanley  (Fig.  946).  Length  of  tube  up  to  45  cul; 
length  and  height  of  shell  6  to  12  mm.;  length  of  pallet  6  mm.;  width  3 
mm.;  posterior  lobe  large  and  separated  from  the  umbo  by  a  narrow, 
deep,  rounded  notch ;  stalk  of  pallet  half  as  long  as  blade,  which  is  obo* 
vate:  Arctic  seas  to  South  Carolina;  common  in  floating  wood;  Europe. 


Fig.  946 


rig.  946 


Big.  945 — Teredo  navalis  (Yerrill).  1,  ends  of  the  siphons;  2,  pallets;  3,  mns- 
CQlar  collar  by  which  it  adheres  to  the  tube;  4,  posterioir  lobe  of  shell;  6,  foot; 
6,  anterior  lobe  of  shell.   Fig.  946 — Teredo  megotara  (Gould).    1,  shell ;  2,  pallets. 

T.  norregica  Spengler.  Tube  up  to  30  cm.  long  and  chambered  at 
entrance;  length  of  shell  14  mm.;  height  15  mm.;  length  of  pallet  21  mm.; 
width  6  nmi.;  anterior  and  posterior  lobes  of  shell  of  about  the  same 
length;  pallets  with  stalk  and  blade  of  equal  length,  the  latter  being 
truncate:  New  York  to  west  coast  of  Florida;  Europe. 

T.  thompsoni  Tryon.  Length  of  shell  9  mm. ; 
height  12  mm.;  anterior  and  posterior  lobes  of 
equal  height ;  length  of  pallet  8  mm. ;  width  3  mm. ; 
blade  of  pallet  oval  and  much  longer  than  the 
stalk:  Cape  Cod  to  Florida;  sometimes  common. 

T.  chlorotica  Gould.  Burrows  very  small, 
lying  across  the  grain  of  the  wood  and  close 
together  so  as  to  resemble  a  honeycomb;  length 
and  height  of  shell  3  mm.;  pallet,  paddle-shaped, 
5  nmi.  long:  Massachusetts  Bay  to  Florida. 

2.  Xtlotbya  Leach.  Pallets  long  and 
feather-shaped,  the  blade  consisting  of  articulated 
pieces  radiating  obliquely  from  the  stalk :  10  species. 

X.  fimbriata  Jeffreys  (Fig.  947).  Shell  similar  to  that  of  Teredo 
navalia;  length  of  pallet  12  mm. ;  width  2  mm. ;  tubes  30  cm.  or  more  long : 
Massachusetts  Bay  to  Florida:  often  common. 


Pig.  947 — Xttlotrya  fim- 
briata (Oould).  l.sbeU; 
2,  pallets. 
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SuBOitDEB  7.    ANATINACEA. 

Shell  thin,  white  and  pearly;  hinge  with  or  without  teeth;  ligament 
external;  mantles  unitedi  except  where  the  foot  protrudes;  2  adductor 
muscles;  pallial  line  variable;  siphons  mostly  united:  U  familieB,  all 
marine,  including  many  degenerate  forms,  which  may  lack  certain  oigans, 
as  the  foot,  adductor  muscles,  labial  palps,  and  gills. 

K^  to  the  families  of  Anatinacea  here  described: 

«i  Np  spatolate  hinge  lamella. 

bt  Pallial  sinns  slight  or  absent 1.  PANDOSniAB 

bi  Pallial  sinus  angulated 2.  Ltorsiidas 

0,  Hinge  lamella  in  each  valve 3.  ANAXiianAS 

Faiolt  1.    PANIX)BIDAE. 

Shell  free  or  fixed,  inequivalve,  pearly  inside,  semi-lunar  or  trian- 
gular in  shape;  ligament  often  with  a  calcareous  ossicle;  pallial  line  with 
or  without  a  small  sinus;  siphons  short,  united  except  at  the  end;  mantle 
margins  united:  about  5  species  on  the  Atlantic  coast. 

OuDioPHOaa.  Carpenter.  Shell  thin;  valves  closed,  attenuated  be- 
hind; right  valve  flat,  with  a  diverging  ridge;  left  valve  somewhat  con- 
vex, with  2  diverging  grooves  at  the  hinge;  a  slight  pallial  sinus:  numer- 
ous species. 


f 


Fig.  948  Big.  949 

Fig.  948— ClldlopAom  trlUniaia  (Gould).    1,  siphons;  2,  foot. 
Fig.  949 — LyonHa  hyoHna  (Gould). 

0.  trilineata  (Say)  (67.  gouldiana  Dall)  (Fig.  948).  SheU  rounded 
in  front,  hinder  end  curved  upwards,  making  the  dorsal  margin  straight 
or  concave;  length  32  mm.;  height  17  muL;  width  5  mm.:  Nova  Scotia  to 
Texas,  in  shallow  water;  common. 

Family  2.    LYONSIIDAE. 

Shell  thin,  slightly  inequivalve,  the  left  valve  being  the  larger; 
pallial  sinus  obscure;  hinge  teeth  absent;  hinge  with  a  narrow  ledge 
within  each  valve,  to  which  adheres  an  ossicle;  siphons  very  short: 
several  genera. 

Ltovsza  Turton.    With  the  characters  of  the  family:  18  species. 

L.  hyalina  (Conrad)  (Fig.  949).  Shell  ovate,  pearly,  and  transpar- 
ent; anterior  end  rounded;  posterior  end  elongated;  dorsal  line  nearly 
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straight;  pallial  line  obscure;  surf  am  with  radiating  fringed  wrinkles; 
periostracnm  dirty  white;  lei^th  17  mm.;  height  10  mm.;  width  7.5  mm.: 
Nova  Scotia  to  Texas,  in  shallow  water; 


Familt  3.    ANATmmAIL 
Shell  thin,  raoie  or  less  ineqnivalve,  exterior  often  granular;  hinge 
toothless  or  with  a  spatolate  lamella;  ligament  often  with  an  osaicle; 
pallial  line  obscnre:  14  species  on  the  Atlantic  coast. 

1.  TsxAOU  Blainville.  Shell 
nearly  eqnivalve,  gaping  behind, 
smooth;  siphons  rather  long,  s^>a- 
rate;  nmbo  prominent;  spatulate 
process  of  hinge  in  each  ralTC,  and 
very  obliqne:  26  species. 

T.  conradi  Couthouy  (f^.  960). 
Shell  thin,  almost  round,  somewhat 
elongated  and  truncated  behind, 
whitish  in  color;  ligament  prominent; 
pallial  sinus  deep;  periostracnm  thin 
and  brown;  length  75  mm.;  height  65  n 
Cape  Hatteras,  buried  deep  in  the  sand  or  mud  in  shallow  water. 

2.  OooHLODiBXA  Couthoay.    Shell  oral,  ineqaivalve,  slightly  gaping 
at  both  ends;  hii^e  with  a  spatulate  process  in  each  valve  and  a  small 

ossicle;  an  internal  rib  extends  from  the  hinge  to 
the  posterior  margin;  dphons  long  and  separate: 
several  species. 

O.loannm  (Conrad)  (Fig.  951).  Shell  oval,  very 
thin;  right  valve  the  more  convex,  the  left  valve 
being  nearly  fiat;  length  36  mm.;  height  25  mm.; 
width  11  mm.:  Nova  Seotia  to  Cape  Hatteras;  com- 
mon in  shallow  water. 


FlK.  SCO — Ttntda  oonrodt  (Qoald). 
im.;  width  38  mm.:  Labrador  to 


Fix.  SSI 


Obdis  6.    BEPnBRAKOEIATA. 
Ctenidia  absent,  but  replaced  by  a  muscular  septum  (Fig.  690,  D) 
pierced  by  slits  extending  from  the  anterior  adductor  muscle  to  the  point 
of  separation  of  the  siphons  and  dividing  the  mantle  cavity  into  2  cham- 
bers, one  lying  above  the  other:  2  families. 

PAim,T  CUSPIDABIIDAB. 
Shell  small,  slightly  ineqnivalve,  not  pearly,  much  attenuated  and 
gaping  behind;  a  spatnlate  cartilage  process  in  each  valve;  hinge  teeth 
present  or  absent;  pallial  line  shallow;  mantle  closed;  siphons  short  and 
united :  about  20  species  on  the  Atlantic  coast,  mostly  in  deep  water. 


602  M0LLU8CA 

Ojjbvtdabia  Nardo.  Shell  slender  behind  and  broader  in  front,  the 
light  valve  being  the  smaller;  umbo  strengthened  internally  by  a  rib: 
numerous  species. 

0.  pellncida  Stimpson.  Shell  thin,  white,  12  mm.  long,  7.5  wide; 
umbo  a  little  in  front  of  the  eenter:  Cape  Cod  and  northwards,  in  deep 
water. 

Class  5.    CEPHALOPODA.* 

Squids,  devilfish,  etc.  Marine  moUusks  often  of  large  size  and  of 
high  organization,  which  have  a  large  head  and  large  eyes  and  a  circle  of 
long  arms  or  tentacles  around  the  mouth,  and  are  mostly  without  an 
external  shell  (Fig.  740,  A). 

External  Structure.—The  body  is  a  bilaterally  symmetrical,  more  or 
less  cylindrical  structure,  which  is  elongated  dorsally  and  made  up  of  two 
divisions,  the  head  and  the  trunk.  The  head  is  the  ventral  portion  of  the 
body,  in  the  middle  of  the  lower  surface  of  which  is  the  mouth,  sur- 
rounded by  the  arms.  In  Nautilus  the  arms  are  about  ninety  in  number 
and  are  without  suckers;  in  the  other  cephalopods  they  are  either  eight 
or  ten  in  number  and  are  provided  with  either  prehensile  suckers  or  hooks, 
or  with  both  these  structures. 

The  trunk  is  made  up  of  the  visceral  mass  (Fig.  740,  A,  1)  and  the 
mantle  (A,  2).  The  visceral  mass  is  a  compact  cylindrical  structure  with 
delicate  body  walls.  The  mantle  is  thick  and  muscular  and  covers  the 
visceral  mass  on  all  sides,  its  lower  edge  being  called  the  collar.  The  mantle 
cavity  (A,  4)  is  voluminous,  and  is  posterior  in  position  and  contains  the 
gills  and  the  external  openings  of  the  digestive,  excretory,  and  repro* 
ductive  organs.  It  communicates  with  the  outside  in  two  ways,  through 
the  open  space  around  the  collar  and  by  means  of  a  conical,  muscular 
tube  called  the  siphon  or  funnel  (A,  5).  By  the  contraction  of  its  muscular 
walls  the  water  in  the  mantle  cavity  is  shot  violently  out  through  the 
siphon,  and  the  animal  is  propelled  rapidly  through  the  water  in  the  oppo- 
site direction;  water  is  taken  into  the  mantle  cavity  again  through  the 
collar  space.  The  head  and  the  siphon  can  be  partially  retracted  within 
the  mantle  by  means  of  powerful  retractor  muscles.  The  external  sur- 
face is  covered  with  an  integument  in  which  amoeboid  pigment  cells  are 
present,  by  the  alteration  in  size  of  which  the  color  of  the  animal  may 
be  rapidly  changed*    Many  cephalopods  are  brilliantly  colored. 

A  shell  is  present  in  all  cephalopods  except  in  most  Octopoda.  In 
Nautilus,  Spirula,  and  Argonauta  the  shell  is  calcareous,  external,  coiled 
in  a  single  plane,  and  in  Nautilus  and  Spirula  divided  into  chambers  by 

^  See  "Report  of  the  Cephalopoda  of  the  Northeasteni  Coast  of  America/*  by 
A.  B.  VerriU,  Rep.  U.  S.  Pish.  Com.  for  1879,  p.  221,  1882. 
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transverse  partitions.  The  shell  of  Argonauta,  the  paper  nautilus,  is  not 
homologous  to  that  of  other  cephalopods.  In  the  Decapoda,  the  shell 
is  concealed  in  a  pocket  of  the  anterior  wall  of  the  mantle.  It  differs 
much  in  shape  and  composition  in  the  various  speciesy  being  calcareous  in 
Spirula  and  Sepia,  but  coiled  in  the  former  and  straight  in  the  latter,  and 
ehitinous  and  elongate  in  the  squids. 

The  foot  is  absent  in  cephalopods  in  the  form  in  which  it  occurs  in 
other  moUusks.  The  siphon,  however,  represents  the  fused  epipodia  and 
the  arms  are  lateral  processes  of  the  foot,  the. basal  portion  of  which  has 
^own  forwards  and  enveloped  the  head,  so  that  the  mouth  comes  to  lie 
in  their  midst 

Internal  Stnu^ture.—The  mouth  is  surrounded  by  a  ring-shaped  lip 
and  leads  into  a  muscular  phaiynz.  A  pair  of  sharp  ehitinous  or  partly 
calcareous  jaws,  which  look  a  good  deal  like  a  parrot's  beak,  lie  just  back 
of  the  lip,  by  means  of  which  the  animal  tears  its  prey  to  pieces.  In  the 
phaiynz  are  the  tongue  and  the  radula.  The  radula  is  small,  as  com- 
pared with  the  size  of  the  animal,  and  consists  of  a  central  tooth  and 
three  laterals  in  each  transverse  row;  marginals  are  absent  in  the 
Decapoda,  and  are  represented  in  the  Octopoda  by  a  plate  of  varying 
shape.  Two  pairs  of  salivary  glands  pour  their  secretion  into  the 
pharynx;  in  the  Decapoda  the  anterior  glands  are  united  or  may  be 
rudimentary. 

The  oesophagus  is  a  narrow  tube  which  leads  to  the  stomach;  in 
Nautilus  and  the  Octopoda  a  lateral  crop  is  present.  The  stomach  is  a 
muscular  organ  with  a  large  thin-walled  caecum,  which  acts  as  a  gall 
bladder  and  receives  the  secretion  of  the  large  liver.  The  two  ducts  which 
pass  to  the  stomach  csBcum  from  the  liver  have  in  their  walls  a  paired 
gland  called  the  pancreas.  The  intestine  leaves  the  stomach  and  passes 
forward  to  the  anus  in  the  mantle  cavity.  A  glandular  pocket  at  the 
anal  end  of  the  rectum,  called  the  ink  sac,  secretes  a  brown  or  black 
fluid,  by  means  of  which  the  animal  clouds  the  water  when  fleeing  from 
an  enemy;  Nautilus  is  without  the  ink  sac. 

The  respiratory  organs  consist  of  a  pair  of  ctenidia  (two  pairs  in 
Nautilus)  which  lie  in  the  mantle  cavity.  These  bear  a  close  relation  to 
the  circulatory  system.  There  are  three  hearts.  The  systemic  or  arterial 
heart  consists  of  two  auricles  (four  in  Nautili^)  which  receive  blood  from 
the  gills  and  pour  it  into  a  median  ventricle,  which  distributes  it  through 
arteries  throughout  the  body.  The  blood  returns  through  large  veins  to 
the  two  branchial  hearts  at  the  base  of  the  gills,  which  send  it  through 
these  organs. 

The  excretory  organs  consist  of  a  pair  of  kidneys  (two  pair  in 
Nautilus),  which  open  into  the  mantle  cavity  near  the  anus;  they  also 
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open  into  the  pericardial  cavity.  The  kidneys  bear  a  close  relation  to 
the  lai^  veins  bringing  blood  to  the  branchial  hearts. 

The  main  ganglia  are  massed  together  around  the  forward  end  of 
the  OBBophagos  and  are  sarronnded  by  a  protective  capsole  of  cartilage. 
On  the  dorsal  side  of  the  oasophagos  are  the  cerebral,  on  the  ventral  side, 
lying  close  together,  the  visceral  (viscero-pleuro-parietal)  and  the  pedal 
ganglia,  which  are  joined  with  the  cerebral  by  broad  connectives.  In 
front  of  the  pedal  are  the  brachial  ganglia,  which  are  genetically  a  part 
of  them  and  send  off  large  nerves  to  the  arms.  Two  pairs  of  large 
pharyngeal  ganglia,  an  upper  and  a  lower  pair,  lie  at  the  base  of  the 
pharynx.  A  pair  of  large  optic  ganglia  spring  from  the  brain,  and  a  pair 
of  large  stellate  ganglia,  which  are  joined  to  the  visceral  by  connectives, 
lie  on  the  inner  surface  of  the  mantle. 

The  special  sense  organs  are  well  developed.  The  eye  is  a  camera 
obseura  consisting  of  a  deep  pit  with  a  retina  on  its  inner  surface  and 
a  small  opening  to  the  outside  for  the  admission  of  light  In  NautQus 
the  eye  is  of  this  form.  In  other  cephalopods,  a  large  lens  is  present  at 
the  opening,  and  in  most  forms  %  transparent  cornea  is  also  present  in 
front  of  the  lens.  The  superficial  similarity  of  this  eye  to  the  vertebrate 
eye  is  very  striking.  A  pair  of  lithocysts,  which  are  organs  of  equilib- 
rium, lie  on  the  under  side  of  the  cerebral  cartilage.  A  pair  of  pits  just 
behind  the  eyes  are  probably  olfactory  organs.  Osphradia  are  present  in 
Nautilus,  at  the  base  of  the  gill& 

The  sexes  are  separate.  The  gonad  is  single  and  occnpiea  most  of 
the  upper  half  of  the  visceral  mass.  The  ducts  leading  from  it  are  either 
single  or  paired;  they  do  not  join  the  gonad  directly,  but  come  from  a 
capsule  surrounding  it,  which  is  a  portion  of  the  ccelom,  and  extend  to 
the  mantle  cavity.  In  the  female  of  most  decapods  large  glandular 
structures  called  the  nidamental  glands  open  into  the  mantle  cavity  near 
the  opening  of  the  oviduct,  which  secrete  the  egg  capsules.  The  vas 
deferens  is  single  (except  in  Nautilus)  and  secretes  the  spermatophoies. 
These  capsules,  filled  with  sperm,  are  introduced  into  the  mantle  cavity  of 
the  female  by  one  of  the  arms  of  the  male,  which  is  often  specially  modi- 
fied for  this  purpose,  and  is  called  the  hectocotylus  arm.  In  Argonauta 
and  one  or  two  other  octopod  genera,  the  hectocotylus  arm  becomes  sep- 
arated from  the  body  and  enters  the  mantle  cavity  of  the  female  with  its 
load  of  spermatophores,  where  it  may  remain  for  days,  and  as  it  was 
supposed  at  one  time  to  be  a  parasitic  worm,  it  was  given  a  name  by 
Cuvier  and  called  Hectocotylus  octopodis. 

History.— The  common  cuttle  fish  of  the  Mediterranean  have  been 
well-known  animals  for  a  very  long  period  of  time,  and  were  called  polyps 
by  Aristotle  and  the  Latin  and  medieval  authors.    The  class  Cephalopoda 
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was  created  by  Cnvier  in  1796  to  include  the  same  animals  it  does  today. 
The  epoch-making  dissection  of  NdutHua  by  Bichiard  Owen  resulted  in 
his  subdivision  of  the  class  in  1832  into  the  Tetrdbranchiaia  and 
Dibranchiata,  and  also  the  subdivision  of  these  orders  substantially  as  is 
still  done. 

Distribution  and  fTobtts.— Cephalopods  occur  only  in  the  sea,  either 
in  the  neighboihood  of  the  coast  or  in  the  open  ocean  or  the  deep  sea. 
All  are  carnivorous,  eating  great  numbers  of  fish,  mollusks,  and  crusta- 
ceans, and  often  being  very  destructive  to  the  fisheries.  Many  kinds,  as 
the  small  squids,  swim  about  in  schools,  while  others,  as  most  octopods, 
live  singly.  All  cephalopods  swim,  often  with  great  swiftness,  by  squirt- 
ing water  out  through  the  siphon,  while  the  squids  also  swim  by  means 
of  the  fins.  The  animal  carries  its  body  in  a  horizontal  position  while 
swimming,  with  the  posterior  iside  and  the  siphon  undermost  The  octo- 
pods often  crawl  about  on  the  bottom  on  their  arms.  Cephalopods  are  the 
largest  invertebrates  and  among  the  largest  existing  animals.  Architeuthia 
princeps  is  the  species  containing  the  larg^t  known  individuals,  the  larg- 
est examples  of  which  are  over  fifty  feet  long,  including  the  arms. 

Cephalopods  are  of  use  to  man  in  various  ways.  Many  are  used  for 
food.  The  common  squids  are  used  as  bait  in  the  cod  fisheries.  The 
calcareous  cuttle  bone  of  the  cuttle  fish  (Sepia)  was  formerly  employed 
as  a  medicine,  and  the  ink  of  the  same  animal  is  a  common  artist's  mate- 
rial. The  shell  of  Ncmtilus  is  also  much  used  in  the  arts,  and  for  a 
variety  of  useful  purposes. 

The  class  contains  two  orders  and  about  400  species:  about  5,000 
fossil  species  are  known. 

Key  to  the  orders  of  Cephalopoda: 

Os  Shell  large,  coiled,  chambered,  external 1.  Tetbabbanchiata 

Oj  Shell  not  coiled  (except  SpiruUt),  internal,  often  absent.  .2.  Dibsanohiata 

Orbeb  1.    TETRABBANOHIATA. 

Shell  external  and  coiled  and  divided  by  partitions  into  chambers 
(Fig.  952),  all  of  which  are  empty  and  filled  with  air  or  a  gas,  except  the 
outer  one,  which  contains  the  body  of  the  animal,  and  may  be  as  large 
as  all  the  rest  of  the  shell ;  septa  regularly  curved  and  concave  in  NautUuSj 
but  in  the  fossil  ammonites  often  very  complex  in  structure,  with  a  mem- 
branous tube  called  the  siphuncle  extending  from  the  body  of  the  animal 
through  all  of  them,  which  is  central  in  position  in  Nautilus  and  marginal 
in  the  ammonites;  shell  composed  of  2  layers,  of  which  the  inner  is  pearly; 
4  ctenidia,  4  kidneys,  and  4  auricles,  but  no  branchial  hearts  present; 
siphon  consists  of  2  separate  lobes  (the  epipodia) ;  tentacles  numerous 
and  without  suckers;  eye  without  lens;  ink  sac  absent:  about  4  living 
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and  numeroos  fossil  species,  grouped  in  2  suborders.  Of  these  suborders, 
the  Ammonoidea,  or  the  ammonites,  were  abundant  throughout  the  Meso- 
soic  age  and  became  extinct  before  its  close. 

Suborder  NAUTILOIDEA. 

Shell  straight  {Orthocera8)f  bent  (Cyrtoceras) ^  loosely  {Gyroceras)^ 

or  closely  coiled  (Nautiltis)^  in  the  fossil  species,  and  closely  coiled  in  all 

the  living  species;  septa  concave;  siphunde  variable  in  position,  often 

large:  11  families,  with  4  living  and  2,000  fossil  species,  the  latter  dating 

back  to  the  Cambrian  and  reaching  their  maximum  in  the  Silurian  and 

Devonian  ages. 

Family  NAUTILIDAE. 

Shell  with  few  whorls,  more  or  less  overlapping;  septa  simple; 
siphunde  central  or  nearly  so;  tentacles  about  90  in  number,  consisting  of 
4  groups  of  12  or  13  labial  tentacles  around  the  mouth,  2  groups  of  17 
larger  tentacles  on  each  side  of  the  head,  2  thicker  tentacles,  which  combine 

to  form  a  hood  beneath  which  the  mouth  and 
its  appendages  can  be  retracted,  and  2  small 
tentacles  on  each  side  of  the  eye:  1  genus. 

NAunxirs  L.    With  the  characters  of  the 
family:  4  species;  300  fossil  species. 

N.   pompiliua   L.*    The   pearly   nautilus 
Pte.  gszlls^on  of  a      (^^»-  ^^2).    Shell  up  to  25  cm.  in  diameter, 
NatSaf  HlBtopy)^*"*^*^^*      white  with  chestnut-brown  stripes,  and  pearly 

inside;  body  about  18  cm.  long:  Pacific  and 
Indian  Oceans,  in  rather  deep  water  near  the  shores;  often  common; 
body  used  for  food,  and  the  shell  extensively  employed  for  ornamental 
and  useful  purposes. 

Order  2.    DIBRANOHIATA. 

Shell  internal  (except  in  SpiruJa)  or  absait,  dther  homy  or  cal- 
careous, and  not  coiled  (except  in  SpinHa) ;  2  ctenidia,  2  kidneys,  and  2 
branchial  hearts  present;  siphon  tubular;  mouth  surrounded  by  either 
8  or  10  arms,  which  have  suckers  or  hooks;  ink  sac  present;  eye  with  a 
crystalline  lens;  body  cylindrical  or  globose:  about  350  species,  grouped  in 
2  suborders;  about  30  species  off  the  Athmtic  coast. 

Key  to  the  suborders  of  Dibranchiata: 

Ox  Ten  arms  present 1.  Dbcafoda 

o.  Eight  arms  present 2.  Octopoda 

*  See  "The  Anatomy  of  Nautilus  pomplUuB/*  by  L.  B.  Griffin,  Mem.  Nat.  Acad., 
ToL  8,  p.  103,  1900.  ''Notes  on  Living  Nautilus,"  by  Bashford  Dean,  Am.  Nat., 
Vol.  86,  p.  810, 1901. 
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SuBOBDKB  1.    DECAPODA. 

Bod;  either  elongate  or  more  or  leas  globose,  with  a  pair  of  fins  at 
or  near  the  aboral  end,  and  with  10  arms,  4  pairs  of  shorter  arms  with 
Backers  along  their  entire  length,   and   1   pair  of  long 
t«ntacular  arms,  often  more  or  less  retractile,  with  the 
snckers  confined  to  a  broad  terminal  portion;  Backers 
pedoncnlate  and  with  a  chitinoas  supporting  ring;  shell 
(Fig.  953)   always  present,  and  either  ohitinons  or  cal- 
careous, and  consisting,  in  its  typical  form  (in  the  fossil 
Belemnitidae),  of  a  solid,  conical,  terminal  rostrum  and  a 
chambered  conical  phragmocone,  which  corresponds  to  the 
shell  of  Nautilus,  and  is  contained  in  the  hollow  base  of 
the  rostrnm,  and  whose  broad,  flat,  anterior  portion  is        p^etnof 
called  the  proostracon:  aboat  250  species,  grouped  in  3     .JgJfiUJjiiS). 
divisions;  about  21  species  on  the  Atlantic  coast.  c^^'a'pt™' 

Key  to  the  divisions  of  Decapoda:  3'rSiS^ni. 

a,  Sbell  calcareoDB. 

bi  Sbell  spirHl.  with  a  riphaucle 1.  Phbaohophokl 

b.  Shell  Dot  Bpirsl 2.  Sepiopbokl 

a.  Shell  chiUoouB 3.  Chohobofhou 


SmsioN  1. 

Shell  consists  of  a  phragmocone,  the  septa  of  which  are  pierced  by 

a  siphnncle  near  the  inner  msr^^n  of  the  whorl,  with  or  without  rostrum 

and  proostracon;  arms  with  hooks  or  suckers:  2  families,  in  one  of  which, 

the  fossil  Betemnitidae  of  the  Mesozoic  age,  the  shell  was 

formed  of  the  3  typical  parts  (Fig.  953). 

Family  SPIBULIDAB. 
Shell  partly  internal  and  partly  external,  consist- 
ing of  a  loose  spiral  with  2  or  3  coils,  which  is  the 
phragmocone  alone;  siphnnele  contained  in  a  continuous 
calcareous  canal:  1  genns. 

SnsuLa  Lamarck.    With  the  characters  of  the  fam- 
ily: 1  species. 

8.  peroni  Lam.  (Fig.  954).  Shell  white  and  pearly,  25  mm.  in  diam- 
eter; body  red  with  brown  spots,  55  mm.  long,  with  a  terminal  sucker: 
in  deep  water  in  tropical  seas;  the  animal  has  been  seen  in  only  a  very 
few  cases  but  the  shells  are  common  in  the  Caribbean  Sea,  and  are  occa- 
sionally thrown  up  on  the  beach  on  Nantucket  and  other  places  along  the 
Atlantic  coast. 
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DirwOM  8.    BEPIOPSORA. 

Shell  eonsistB  of  a  highly  modified,  calcareous  phngmocone  with  air 
chambers  but  without  sipbuncle,  and  with  a  radimentary  rostrum:  1 
family. 

pAiitLT  SEPIIDAE. 

Body  oval;  fins  narrow,  aa  long  as  the  body,  generally  united  behind; 
snckeis  generally  in  4  rows;  eye  with  cornea;  fourth  arm  on  left  heeto- 
ootylised:  33  species;  cosmopolitan. 

SSPU  L.  Cuttle  flsb.  Shell  (cuttle  bone)  cal- 
careous, large,  broad,  very  thick  in  front,  concave  in- 
ternally behind ;  it  was  formerly  used  in  medicine  as 
an  antacid:  30  speciee;  10  fossil  spaoies. 

A.  offldnalia  L.  (Fig.  055).  Common  sepia.  Length 
of  body  20  cm.;  color  brownish  with  white  spots  and 
stripes,  and  with  violet  fins:  Europe;  used  for  food  in 
the  Mediterranean. 

Sepiaogtoina-  DtVIslON  3.     CHONDKOPHOKA. 

It*  (L«DDla). 

wm;  S.Sn.  Squids.     Shell    (pen)   a  straigfati  ehitinous  plate, 

grooved  towards  the  upper  side  and  representing  the 

prooBtracon  atone,  sometimes  with  a  oonical  rudiment  of  the  phrag- 

mocone  at  the  aboral  end ;  flna  usually  rhombic  or  more  or  less  triangulsr 

and  usually  at  the  aboral  end  o£  the  body:  8  families. 

Key  to  the  families  of  Chondrophora  here  described: 

a.  Fins  Dot  at  the  end  of  the  bod; 1.  Sepwudis 

0,  Fins  st  the  end  of  the  body, 
b,  Siphon  with  a  valve. 
0,  TentacDlsr  arms  without  booka 

d,  Ejes  with  a  cornea 2.  LouoiNmAB 

dt  Efes  naked,  without  cornea 3.  OifiUBTBEPHinAB 

Ct  Tentacular  arms  armed  with  hooks 4.  OHTCaOTStTTBiDAE 

bi  Siphon  without  a  valve 5.  CBancHUDaK 

FauLT  1.    SEPIOLIDAE. 

Body  short  and  wide;  fins  laige,  rounded,  with  a  narrow  base  and 
near  the  middle  of  the  body;  tentacular  arms  retractile;  eyes  with  a 
oomea ;  pen  (shell)  about  half  aa  loi^  as  the  body  and  in  ita  hinder  half, 
or  absent:  17  species. 

1.  Stoloi'ZUTUU  Verrill.  Body  short,  globose;  head  very  large; 
arms  united  together  by  a  broad  web;  tentacular  arms  with  8  or  more 
rows  of  very  small  stalked  suckera;  upper  arms  hectocotylised ;  mantle 
united  with  head  on  back;  pen  absent:  1  species  on  the  Atlantic  coast 


CEPHALOPODA  609 

8.  lencfoteni  Verr.    Batt«rfly  squid  (Fig.  956).    Lei^th  of  body  30 
nun.}  fins  large,  nearly  as  loi^  as  body,  tnmsparent,  whitish;  eolor  bril- 
liant, upper  surface  thickly 

spotted  with  orange  brown; 

under   surface   brown   and 

blue:  Oalf  of  Maine,  in  100 

fathoms;  rare. 

2.  BosBU  Owen.    Likp 

tbe  above,  but  the  mantle 

is    not    united    with    tbe 

bead;  pen  smalt;  botb  up- 

FIk  956  P*"^  arms  hectoeotylized :  10 

**°,i2!r!v^»''5'"''       spedefl,    3    in    North    At-  m.MT 

(enHVerrUl>.  t-™")  Eotfa  HtStntt  iVenm). 

B.  bratti  Terrill.  Length  of  body  40  mm.;  breadth  17  mm.;  length 
of  tentacular  arms  40  mm.;  length  of  longest  sessile  arms  18  mm,;  2 
rows  of  suckers  towards  the  base  of  each  arm, 
distal  portion  with  about  4  rows;  color  pink- 
ish, spotted  with  purplish -brown  above:  Cape 
Cod  and  northwards,  in  40  to  150  fathoms; 
rather  common. 

R.  snWavta  Verr.  (Fig.  057).  Length  46 
nun.;  breadth  22  mm.;  length  of  tentacular 
arms  25  mm.;  of  longest  sessile  arms  22  mm.; 
2  rows  of  suckers  on  entire  arm;  color  pinkish, 
spotted,  with  purplish-brown  above:  Cape  Cod 
and  northwards,  in  40  to  150  fathoms;  com- 
moner than  the  above. 

FuciLT  2.    LOLIOINIDAE. 

Body  elongate;  fins  terminal;  shell  (pen) 
aa  long  as  the  trunk  and  pointed;  tentacular 
arms  partially  retractile,  with  4  rows  of 
Backers;  other  arms  with  2  rows;  fourth  arm 
on  left  hectoeotylized  at  tip;  dpbon  attached 
to  head  and  with  a  valve;  eye  with  a  eomea:' 
about  50  species;  littoral, 

Louoo  Lamarck.  Calamaries.  Body  elon- 
gate; fins  rhombic  in  shape,  united  behind:  31  jioMm p^^^TerrlUi 
species,  cosmopolitan,  3  on  the  Atlantic  coast 

L.  paalal  Lesneur  (Fig.  958).     Common  squid.     Body  a  flattened 
oylinder,  pointed  at  the  fin  end ;  fins  more  than  balf  the  length  of  tbe 
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trunk;  shell  (pen)  lanceolate,  narrow;  length  20  cm.;  width  6  em.; 
color  dark  grayish  with  reddish  spots;  eggs  deposited  in  long  cylindrical 
jelly  masses,  attached  together  at  one  end:  liaine  to  South  Carolina; 
very  common. 

L.  pallida  Verrill.  Very  similar  to  above;  body  thick,  fins  more 
than  half  the  length  of  the  trunk;  color  pale  with  few  spots;  length  of 
body  20  cm.;  length  of  fin  75  mm.:  Long  Island  Sound. 

Faiolt  3.    OMMASTBEPHIDAE. 

Body  cylindrical,  elongate;  fins  terminal,  joined  together  and  rhom- 
bic; arms  usually  short,  with  varying  number  of  rows  of  suckers;  eyes 
naked,  without  a  cornea ;  siphons  united  by  bands  to  the  head ;  pen  slen- 
der and  small,  with  a  hollow  cone  at  the  hinder  end :  cosmopolitan ;  about 
25  species,  mostly  in  the  open  ocean. 

JB[ey  to  the  genera  of  Ommastrephidae  here  described: 

Oi  Sise  small  or  moderate 1.  Oiciiastbephes 

o,  Sise  very  large 2.  Abchiteutuib 

1.  OmiABTBSPKBa  D'Orbigny.  Sea  arrows.  Flying  squids.  Body 
elongate;  arms  with  2  rows  of  suckers;  tentacular  arms  not  retractile 
and  with  4  rows  of  suckers;  siphon  valved:  13  species,  4  American. 

0.  illecebrosna  (Lesueur)  (Fig.  959).  Fins  about  half  as  long  as  the 
trunk ;  length  30  cm. ;  width  3  cm. ;  length  of  fin  8  cm. ;  length  of  sessile 
arms  10  cm.;  of  tentacular  arms  18  cm.;  color  deep  blue,  passing  into 
red,  spotted,  sometimes  pale:  eastern  end  of  Long  Island  Sound  to  Bay 
of  Fundy  and  northwards,  common  north  of  Cape  Cod;  very  swift  in 
motion.    . 

0.  bartrami  (Lesueur).  More  slender,  elongated,  and  darker-colored 
than  the  above,  with  a  relatively  shorter  caudal  fin:  Oulf  stream,  some- 
times off  the  coast. 

0.  tryoni  Gabb.  Length  20  cm. :  very  common  on  the  coast  of  Cali- 
fornia, where  they  are  caught  in  great  numbers  by  Chinese  fishennen 
and  dried  for  exportation  to  China. 

2.  Abcuitjeutiub*  Steenstrup.  Giant  squids.  Differs  from  the  pre- 
ceding genus  in  that  an  irregular  group  of  small,  smooth-rimmed  suckers 
are  on  each  tentacular  arm,  intermingled  with  rounded  tubercles;  suck- 
ers of  sessile  arms  strongly  denticulate;  fins  shaped  like  an  arrowhead: 
9  species,  in  the  deep  sea  in  all  parts  of  the  world,  most  of  the  specimens 
accurately  known  having  been  captured  in  the  North  Atlantic. 

•  See  "The  Colossal  Cepbalopods  of  tbe  Nortb  Atlantic/'  by  A.  E.  Terrlll,  Am. 
Nat,  Vol.  9,  p.  21,  1876. 
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A.  prlsceps  Venill  (Fig.  960).  Length  of  body  op  to  6  m.;  of  the 
tentacalar  amiB  11  m.  and  more ;  of  the  sessile  anna  3  m. ;  of  beak  12  on. ; 
diameter  of  suckers  30  mm.,  of  the  eyea  35  em. :  in  the  deep  sea,  thrown 
up  occasionally  on  the  orast  of  Newfoundland;  tbe  largest  cephalopod. 

FAiin.T  4.    ONTCHOTKUTHIDAB. 
Body  cylindrical,  flns  terminal  or  lateral ;  tentacular  arms  very  long 
and  furnished  with  retractile  hooks  as  well  as  suckers;  shell  lanceolate, 
with  a  terminal  cone;  eye  naked,  without  a  oomea:  23  species;  pelagu). 


Fig.  06»— OmnattrdplMi  illawknMw^jTsmil), 


W 


OmxohotiiftUU  Liehtenstein.  Body  elongate;  sessile  arms  without 
books  and  with  2  rows  of  non-denticulate  suckers;  tentacular  arms,  thick, 
with  2  rows  of  strong  hooks,  with  a  groap  of  roonded  suckers  at  their 
base:  10  species,  1  on  the  Atlantic  and  1  on  the  Faoifie  coast. 

0.  bankal  Leach.  Head  with  11  longitudinal  ridges;  Bns  rhombic, 
wider  than  long,  about  half  the  length  of  the  body;  length  15  cm.;  color 
brownish,  with  blue  around  the  eyes:  in  all  seas;  often  common. 
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FUHLT  S.    CRANCUIIDAE. 
Body  cyliDdricsl ;  bead  biubII,  with  large  ey«s,  which  an  witbont 
cornea;  sessile  anoB  short;  tentacular  arms  long  and  slender;  shell 
'     lanceolate:  13  species. 

Loueopsu  Lamarck.  Body  elongate, 
attennate  behind,  with  lai^  fins;  siphons 
Dot  valved:  8  species. 

L.  pavo  (Lesuenr).  Peacock  sqnid 
(Fig.  961).  Body  very  long,  being  1  dl, 
including  tentacles;  fine  about  one-foorth 
the  length  of  the  body,  rounded  in  oatline; 
color  red,  spotted:  Arctic  seas,  sonth  to 
Cape  Cod ;  very  rare  on  our  coasts. 

SCBOBDEB  2.  OCTOPODA. 
Body  more  or  less  globose,  generally 
without  fine;  8  arms,  with  suckers  osnally 
sessile;  no  shell  except  in  Argonauta;  no 
nidamental  glands:  about  140  species, 
grouped  in  about  5  families. 

FUHLT  1.    ASQONAHnDAE. 
Female  with  a  thin,  symmetrical,  qnral 

Fig.9ei-ioito»prt.p«»       "''«1''  '**'«'"»  "P**-  "'»'"=''  >»  secreted  by 

(Verrill).  terminal  expansions  of  the  two  upper  arms 

and  is  used  aa  an  e^-caee,  which  the  animal  can  leave  at  will;  male 

very  small,  with  the  third  arm  on  the  right  hectocotylized :  1  genus;  in 

all  the  warmer  seas. 

AasoKAVTA  L.  Argo- 
naut. Paper  nautilus.  With 
the  characters  of  the  fam- 
ily :  11  Bpecies,  1  on  the  At- 
lantic and  1  on  the  Pacific 
coast. 

A.  argo  L.  (Fig.  962). 
Shell  whitish,  ribbed,  with 
2  rows  of  sharp  protuber-  ^ 

ances  on  the  periphery,  20 

cm.  long ;  length  of  fonal.      f^.  •"-'^SSS!  SSS'  CT^ff ' '°-  "^ 
20  cm.;  color  whitish  or  yel- 
lowish with  red  dots;  length  of  male  25  mm.:  Atlantic  Ocean,  oocasionaUy 
on  the  coast  of  the  central  and  southern  states. 
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Familt  2.    OCTOPODIDAE. 

Devil-fishes.  Head  very  large;  arms  elongated,  webbed,  similar; 
suckers  in  2  rows  and  sessile;  mantle  unitea  to  the  head  by  a  broad, 
dorsal  commissure;  third  arm  on  right  hectocotylized :  about  8  genera. 

OCTOFirs  Lamarck.  Sea  polyp.  Body  round;  arms  long;  no  fins: 
50  species;  cosmopolitan;  2  species  on  the  Pacific  coast,  4  on  the  Atlantic. 

O.  bairdi  Verrill  (Fig.  963).  Body 
short,  thick,  covered  with  small  tubercles, 
75  mm.  long,  35  mm.  wide,  bluish-white  in 
eolor,  specked  with  brown;  arms  short,  10 
em.  long,  webbed  a  third  of  their  length: 
common  north  of  Cape  Cod  in  rather  deep 
water;  Europe. 

O.  pnnctatos  Gabb.  Body  ovate,  9  mm.  long;  length  of  arms  22 
mm.;  color  red,  spotted:  common  from  Alaska  to  Lower  California,  in 
tide  pools;  it  grows  much  larger  in  open  water,  where  the  length  of  the 
body  may  be  30  cm.,  and  that  of  the  arms  5  m. 


Fig.  963 — Ootoimt  hairdi 
(Verrill). 


PHYLUM  7. 
EOHINODERMATA.* 


Marine  animals  with  a  radially  symmetrical,  five-rayed  body,  with  cal- 
careous spicules  or  plates  in  the  body  wall,  and  a  system  of  tubes  extend- 
ing throughout  the  body  known  as  the  ambulacral  or  water-vascular 
system. 

ExtertMl  Form.— The  larval  echinoderm  is  typically  a  minute,  bilat- 
erally symmetrical  animal  (Fig.  964)  which  swims  about  actively  in  the 

6^  surface  waters  of  the  sea:  it  goes 

through  a  complicated  metamor- 
phosis and  is  finally  transformed 
into  the  radially  symmetrical  adult, 
which  lives  on  or  near  the  bottom, 
either  creeping,  or  in  some  cases 
swimming,  slowly  about,  burrowing 
in  the  sand  or  in  the  rocks,  or 
permanently  attached  by  a  stalk  to 
one  place.  The  body  of  the  adult 
is  made  up  of  ten  principal  di- 
visions, which  radiate  from  the 
main  body  axis  like  the  spokes  of  a 
wheel  (Fig.  965).  These  divisions 
are  the  five  radii  or  rays  (1)  and 
the  five  interradii  or  interrays  (2), 
which  alternate  with  them.  The  main  axis  of  the  body  passes  between 
its  two  most  important  surfaces.  These  are  the  oral  or  under  surface, 
in  the  center  of  which  is  usually  the  mouth  (3),  and  the  aboral  or 
upper  surface,  which  is  opposite  to  it,  and  in  most  cases  contains  the 
anus  (4).     The  relative  length  of  its  main  axis  determines  the  gen- 

*  See  **Inyertebrate  Animals  of  Vineyard  Sound,"  by  A.  B.  Yerrin,  Bep.  of  U.  S. 
Fish  Com.  for  1871.  "Echlnodcrmata,"  by  W.  N.  Locklngton,  Stand.  Nat.  Hist., 
Vol.  1,  1888.  "Ecblnodermen/*  by  H.  Ludwiflf  and  O.  Hamann,  Bronn's  Klasaen  q. 
Ord.,  2  Bd.,  3d  Abt.,  1889-1904.  "Distribution  of  the  Echlnoderms  of  Northeastern 
America/*  by  A.  B.  Verrill,  Am.  Jour.  Sd.,  VoL  49,  p.  127,  1895.  "Bchlnoderma  of 
the  Woods  Hole  Region/*  by  H.  L.  Clark,  Bnll.  U.  S.  Fish.  Com.,  YoL  22,  p.  543,  1902. 
"Les  Echlnodermes,"  by  Delage  et  H6rouard,  Traltd  de  Zool.  Coner,  1903.  "Bcblno- 
dermata,**  by  B.  W.  MacBride,  Camb.  Nat.  Hist,  1906.  "Echlnoderms  of  Connee- 
ticut,**  by  W.  R.  Coe,  Bull.  No.  19,  St  OeoL  and  Nat  Hist  Sur.,  1912.  "A  Biological 
Surrey  of  Woods  Hole  and  Vicinity,**  by  F.  B.  Sumner  and  others.  Boll.  Bur.  Fisberiea, 
Vol  81, 1911. 
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Fig.  964 — ^Laryae  of  echlnoderms  (after 
J.  Idiiller).  A,  youngest  stage,  common 
to  all  the  classes ;  B  and  C,  two  stages  of 
the  auricularla  (Holothurioidea)  ;  D  and 
B,  two  stages  of  the  blplnnaria  (Aateroi- 
dea)  :  F,  a  pluteus  lEctUnoideaU  1, 
moutn ;  2,  anus. 
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erftl  shape  of  the  body.  In  some  echinodenns  this  axis  is  very  short, 
as  in  the  Btarflsh,  the  oral  and  aboral  surfaces  are  near  ti^tber,  and 
the  body  is  flat  and  diso-shaped;  in  these  ""'""^l"  the  oral  surface  is 


tQlerndlui ;  3, 


ol  ecbloodermB. 

rchlQj^  lateral  aapect ; 


the  under  one,  on  which  the  animal  moves  abont,  and  the  main  body 
axis  is  perpendicular  to  the  ground.  In  others  the  main  axis  is 
long  and  the  body  is 
consequently  long  and 
worm-like,  as  in  bolo- 
thurians;  the  oral  sur- 
face, with  the  mouth, 
is  not  undermost  in 
these  aninlals,  but  is  at 
what  may  be  called  its 
anterior  end,  and  the 
animal  lies  with  its 
main  axis  parallel  with 
the  ground.  In  crinoids 
the  oral  surface  lies 
uppermost  (Fig.  968), 
and  in  many  of  them  a 
long  stalk  extends  from 
the  aboral  surface  at- 
taching the  animal  to 
the  sea  bottom. 

In  starfishes,  brit- 
tle-stars, and  crinoida 
the  radii  are  greatly  elongated,  forming  five  or  more  large  arms,  which 
radiate  from  a  central  disc  (Fig.  965,A].  Many  echinoderms  also  show 
a  decided  tendency  towards  the  development  of  a  secondary  bilateral 
symmetry  and  always  move  with  a  certain  radius  in  advance   (Fig. 


IB.    fi 

"Ins 


ess— IMagrani 


I   itarflgh 


ud   TCR   Drcbld, 

of   tb«  orgaDB. 

-JKh  IhE  disc  and  ODe  arm  of  ■  iitar- 

secOoD  tbrouKh  B  aea  nrcbtn   (ulCerm]  froni 
mODtb:    2,   reus;     3,   perlBtar  '       ' 

.   _,  Btonc  canat ;   6.  atomacb  ;   T,  rauiai  l-huki  : 

S,  ampulla  ;  ^9,  madrejHiTite  ;  ^10,  ambDlacral  toot ;   11. 


...rr.    is,'deDtar;   boAy ; 
plates;   10,  papnia. 


18,  sill; 


radial  c. 
1  foot  ,   __, 
calcareooB 
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989).  Projecting  from  the  surfaces  of  the  radii  into  the  surrounding 
water  are  soft,  tubular  structures  known  as  the  ambulacral  appendages 
or  podia,  which  are  parts  of  the  ambulacral  system  (Fig.  966,  10). 
In  many  echinoderms  a  sucker  disc  terminates  each  appendage;  the 
animal  attaches  this  to  objects  in  the  water  and  then  by  the  muscular 
contraction  of  the  appendage  pulls  itself  slowly  along;  such  ap- 
pendages are  called  ambulacral  or  tube  feet.  Ambulacral  append- 
ages perform  a  variety  of  functions,  however,  besides  that  of  locomotion; 
they  may  assist  in  the  taking  of  prey  and  are  also  always,  whether  pro- 
vided with  sucker  discs  or  not,  important  tactile,  respiratory,  and  perhaps 
excretory  organs.  Spines  also,  sometimes  controlled  by  muscles  and 
sometimes  not,  as  well  as  other  special  structures,  project  from  the  body 
of  starfishes,  sea-urchins,  and  brittle-stars. 

Special  sense  organs  are  very  poorly  developed.  Some  starfishes, 
holothurians,  and  sea-urchins  have  pigment  eyes,  and  most  sea-urchins 
and  some  holothurians  have  static  organs,  but  these  and  all  other  echino- 
derms must  depend  principally  on  their  tactile  sense  for  a  knowledge  of 
their  environment. 

The  color  of  the  body  is  in  many  echinoderms  brilliant  and  varied, 
often  being  orange,  red,  or  purple;  some  are  quite  transparent. 

IntemcU  Structures.— The  body  wall  of  echinoderms  contains  charac- 
teristic calcareous  bodies  (Fig.  966, 14).  These  are  least  developed  among 
the  holothurians,  where  they  are  minute  spicules,  which  give  a  certain 
rigidity  to  the  body  wall,  and  are  best  developed  in  the  sea-urchins,  in 
which  they  consist  of  polygonal  plates,  forming  a  closed  case.  The  body 
cavity  is  voluminous  and  contains  the  vegetative  and  reproductive  organs. 
The  alimentary  tract  is  well  developed  and  extends  from  the  mouth  to 
the  anus  (6).  The  ambulacral  system  is  an  extensive  system  of  tubes, 
which  are  filled  with  a  watery  fluid  containing  blood  or  lymph  corpuscles. 
The  main  part  of  the  system  is  a  ring-shaped  canal  or  tube  (4)  which 
surrounds  the  oesophagus,  and  five  radial  canals  (7)  which  spring  from 
the  ring  canal  End  traverse  the  five  radii.  From  these  radial  canals,  and 
in  some  cases  from  the  ring  canal  also,  branch  canals  go  off  to  the  ambu- 
lacral appendages  (10),  which,  as  we  have  seen,  project  from  the  surface 
of  the  body  into  the  water.  Sac-like  expansions  of  the  branch  canals 
called  ampullae  (8)  are  usually  present.  From  the  ring  canal  an  addi- 
tional vessel  called  the  stone  canal  (5),  because  its  walls  usually  contain 
minute  calcareous  bodies,  passes,  in  starfishes,  sea-urchins  and  brittle- 
stars,  to  the  external  surface  of  the  body,  where  it  opens  to  the  outside 
through  a  perforated  plate  called  the  madreporite  (9),  and  in  holothurians 
and  crinoids  ends  free  in  the  body  cavity.  In  crinoids  and  some  holo- 
thurians more  than  one  stone  canal  may  be  present.    The  purpose  of  the 
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stone  canal  is  to  introduce  sea  water  (or  the  body  fluid)  into  the  ambu- 
lacral  system.  The  fluid  in  it  is,  however,  never  pure  sea  water  but 
always  contains  lymph  bodies  in  the  form  of  amoeboid  cells.  Lymph 
glands  occur  in  the  ambnlacral  system  of  many  starfishes  in  the  form 
of  small  sacs  called  Tiedemann's  vesicles,  which  spring  from  the  wall  of 
the  ring  canal.  In  many  echinoderms  there  also  arise  from  the  ring  canal 
elongated  sacs  known  as  Polian  vesicles.  These  seem  to  serve  chiefly  as 
regulators  of  the  pressure  in  the  ambulacral  system,  but  they  may  also 
give  rise  to  the  amoeboid  cells.  An  organ  of  somewhat  problematical 
function  called  the  axial  organ,  which  surrounds  the  stone  canal,  without, 
however,  opening  into  it,  is  also  probably  a  lymph  gland,  and  has,  besides, 
a  close  relation  to  the  reproductive  organs;  in  most  echinoderms  this 
organ  is  itself  surrounded  by  the  axial  sinus,  a  tubular  portion  of  the  body 
cavity. 

The  fluid  in  the  ambulacral  system  is  kept  in  circulation  by  means  of 
cUia  on  the  inner  surface  of  the  tubes,  and  muscle  fibers  in  their  walls ; 
valves  are  present  where  the  ambulacral  feet  join  the  branch  canals. 

There  are  two  or  three  systems  of  nerves  in  the  echinoderm  body. 
These  are  (1)  the  superficial  oral  system,  consisting  of  a  ring  nerve 
around  the  mouth  or  the  oesophagus,  and  five  radial  nerves  which  pass 
along  the  five  radii;  (2)  the  deeper  oral  system  which  accompanies  the 
superficial  system;  and  (3)  the  apical  system  which  is  confined  to  the 
aboral  body  wall.  The  first  of  these  systems  is  present  in  all  echinoderms 
and  innervates  the  ambulacral  system  and  the  digestive  canal.  The  second 
is  wanting  in  crinoids  and  certain  sea-urchins;  the  third  is  especially 
prominent  in  crinoids,  but  is  wanting  in  holothurians. 

The  general  surface  of  the  body,  including  the  ambulacral  append- 
ages, plays  the  greatest  part  in  the  performance  of  the  functions  of  res- 
piration and  excretion.  In  starfishes  and  sea-urchins,  where  the  surface 
is  ciliated,  its  importance  in  this  particular  is  increased;  the  papulae  of 
the  former  and  the  peristomial  gills  of  the  latter  still  further  enlarge  its 
functional  area.  Most  holothurians  have  special  respiratory  organs,  and 
the  bursae  of  brittle-stars  may  function  as  such. 

The  body  cavity  is  not  a  single  space  but  a  complex  system  of  spaces 
and  canals,  some  of  which  are  often  cut  off  from  the  rest,  and  which 
contain  a  circulatory  fluid  similar  to  that  in  the  ambulacral  system.  There 
is  one  principal  space,  which  may  be  called  the  body  cavity  proper,  con- 
taining the  greater  part  of  the  viscera,  and  small  spaces  and  canals  which 
extend  to  every  part  of  the  body  and  surround  the  principal  organs.  The 
most  important  of  these  canals  are  the  radial  blood  vessels,  which  consist 
of  a  ring  vessel  and  five  radial  vessels,  following  the  ambulacral  canals 
and  the  radial  nerves.    No  heart  is  present,  and  the  blood  fluid  is  kept  in 
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cirenlation  by  the  cilia  which  line  the  inner  surfitee  o£  the  spaces  and 
vessels. 

The  sexes  are  separate  in  the  majority  of  echinoderms,  the  males  and 
females  being  more  or  less  alike  in  appearance.  The  genital  organs  are 
simple  in  structure.  Except  in  the  holothurians  and  some  sea-urchins, 
they  consist  of  five  gonads  or  pairs  of  gonads,  which  open  separately  to 
the  outside.  In  the  holothurians,  they  consist  of  a  branched  gonad  whidi 
opens  to  the  outside  near  the  mouth;  thb  gonad  may  be  homologous  to 
the  axial  organ  of  other  echinoderms.  No  accessory  genital  glands  or 
organs  are  present  among  echinoderms,  and  the  sperm  and  ova  are 
usually  thrown  into  the  surrounding  water,  where  fertilization  takes 
place. 

Echinoderms  have  great  regenerative  powers;  an  arm  broken  off  is 
replaced,  and  a  faolotharian  may  regenerate  its  digestive  tract  and  other 
viscera  if  these  are  voided  when  the  animal  is  irritated.  Certain  star- 
fishes and  brittle-stars  reproduce  asexually,  by  transverse  division. 

Diatrihution  and  J7abt^s.— Echinoderms  are  inhabitants  of  the  sea 
bottoms.  They  are  found  in  all  parts  of  the  globe,  the  various  species 
ranging  from  the  shore  line  to  the  greatest  depths.  A  few  forms  can 
swim,  but  the  greater  number  creep  slowly  about,  feeding  on  small  animals 
and  plants,  organic  matter  in  the  sand  and  mud,  or  seaweeds. 

History.— Leuckart,  in  1847,  first  recognized  the  Echinodermaia  as 
one  of  the  main  subdivisions  of  the  animal  kingdom.  The  name  origi- 
nated with  Klein,  who,  in  1734,  applied  it  to  the  sea-urchins.  Lamarck 
added  the  starfishes  and  Cuvier  the  holothurians  to  the  group,  which 
formed  a  class  under  the  Zoophyta  or  Radiata,  Leuckart's  great  service 
consisted  in  showing  that  Cuvier's  Radiata  formed  an  assemblage  of 
animals  which  are  without  natural  relationships  and  in  splitting  it  into 
the  Calenterata  and  Echinodermata,  the  former  being  very  primitive  ani- 
mals without  a  distinct  body  cavity  or  a  digestive  tract,  both  of  which  are 
possessed  by  the  latter. 

The  EchinodemuUa  contain  about  4,000  species,  grouped  in  five 
classes. 

Key  to  the  classes  of  Echinodermata: 

Oy  Arms  present. 
6i  Arms  with  small  branches  called  pinnules ;  oral  surface  directed  upwards. 

1.  GSENOmKA 

6|  Arms  without  pinnules ;  oral  surface  directed  downwards. 
Ci  Oral  surface  of  arm  with  a  deep  longitudinal  (ambulacral)  groove. 

2.  ASTEBOIDEA 

C|  Ambulacral  grooves  absent 8.  Ophiuboidea 

0|  Arms  absent. 

(,  Body  covered  with  movable  spines ;  no  oral  tentacles 4.  E^chinoidba 

ha  Body  without  spines ;  oral  tentacles  present 5.  HoLOTHUBiomCA. 
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Glass  1.    OBINOZDEA. 

Searlilies.  Feather-stars.  Echinoderms  which,  either  throughout  life 
or  during  their  youth  alone,  are  attached  by  a  stalk  to  the  sea  bottom. 
The  body  of  the  typical  crinoid  is  made  up  of  three  parts,  the  disc  or 
calyx,  the  arms,  and  the  stalk.  The  calyx  is  more  or  less  cup-shaped  and 
forms  the  central  mass  of  the  body.  Its  oral  surface,  with  the  mouth, 
is  directed  upwards;  near  the  mouth  and  raised  above  the  surface  in  an 
interradius  is  the  anus.  The  aboral  side  is  directed  downwards  and  is 
attached  to  the  stalk  -whea  this  is  present  In  some  crinoids  the  stalk 
bears  whorls  of  jointed  appendages  called  cirri.  In  most  living  crinoids 
the  stalk  is  wanting  in  the  adult  animaL 

The  arms  are  either  five  or  ten  in  number,  and  often  branch  di- 
chotomously.  They  bear  small  alternating  branches  called  pinnules  which 
give  them  a  feathery  appearance.  Five  ambulacral  grooves  radiate  from 
the  mouth  to  the  arms,  and  pass  along  their  oral  surface,  branching  with 
them,  extending  to  the  tips  of  the  pinnules.  These  grooves  are  lined 
with  cOia,  which  create  a  current  running  towards  the  mouth,  to  which 
they  aid  in  bringing  food.  Ambulacral  appendages  are  present  along 
the  edges  of  the  grooves,  which  are  tactile,  respiratory,  and  excretory  in 
function.  The  general  surface  of  the  body  is  not  ciliated.  No  special 
sense  organs  are  present. 

Internal  Organs,-— The  calcareous  skeleton  of  crinoids  is  extensively 
developed.  The  abontl  wall  of  the  calyx  contains  two  groups  of  polyg- 
onal plates  which  fit  together  closely  and  are  often  fused;  these  are  the 
basals  (Fig.  968,1)  and  the  radials  (2).  The  former  are  at  the  end  of 
the  stalk,  occupying  interradial  areas;  th^  are  normally  five  in  number, 
but  may  be  reduced  by  fusion,  or  increased  to  ten  by  the  addition  of  five 
infrabasals  in  the  radial  areas  between  the  basals  and  the  stalk. 

The  radials  are  in  the  radial  areas  and  lie  above  the  basals,  one  or 
more  rows  of  them  being  present;  interradials  are  present  in  some  species. 
The  oral  body  wall  in  Holopus  and  other  primitive  crinoids  contains  five 
large  oral  plates;  in  most  crinoids,  however,  a  number  of  small  plates  is 
here  present,  or  there  may  be  no  plates  at  all.  A  row  of  large  circular 
plates  called  brachials  is  present  in  the  arm,  which  join  the  radials. 

The  stalk  contains  a  succession  of  disc-like  plates  placed  one  on  top 
of  another;  the  cirri  are  similarly  jointed. 

The  body  cavity  occupies  the  calyx,  and  extends  through  the  arms  to 
the  tips  of  the  pinnules  and  through  the  stalk  and  cirri.  In  the  calyx 
it  contains  a  network  of  connective  tissue  fibers  which  are  often  calcified. 

•  See  "Report  on  the  Crinoldea/*  by  F.  H.  Carpenter,  Reports  of  the  Challenger, 
Vol.  26,  1888. 
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The  body  cavity  contains  a  blood  flnid  mixed  with  sea  water,  whidi  is 
admitted  through  ciliated  pores  in  the  oral  wall  of  the  calyx. 

The  month  opens  into  the  ti^bular  digestive  canal,  which  runs  once 
round  the  main  axis  of  the  body  cavity  and  then  opens  to  the  outside 
through  the  anus.  No  digestive  glands  are  present,  but  eertain  inter- 
ludial  diverticula  of  the  intestine  in  Antedon  may  have  a  glandular 
function. 

The  ambulacral  system  consists  of  a  ring  canal  around  the  mouth  and 
five  radial  canals  which  branch  with  the  arms  and  are  continued  in  the 
pinnules.  The  ambulacral  appendages  along  the  edges  of  the  ambulacral 
groove  are  without  terminal  suckers  and  ampullae.  A  number  of  stone 
canals,  which  lack  calcareous  bodies  in  their  walls,  leave  the  ring  canal  and 
end  free  in  the  body  cavity.  Five  groups  of  ambulacral  tentacles  also 
spring  from  the  ring  canal  and  surround  the  mouth. 

The  superficial  oral  nervous  system,  consisting  of  an  oral  nerve  ring 
and  a  radial  nerve  in  each  arm,  is  situated  just  beneath  the  outer  epi- 
thelium; an  apical  system  is  also  present,  consisting  of  a  nerve  capsule  in 
the  aboral  calcareous  plates  and  large  radial  nerves  which  run  through 
the  brachials  into  the  arms.  The  reproductive  organs,  the  ovaries  or 
testes,  extend  throughout  the  arms  and  into  the  pinnules,  where  they 
become  ripe,  and  through  minute  pores  of  which  the  ova  or  sperm  are 
extruded.  The  five  gonads  are  usually  joined  with  an  oi^an  called  the 
genital  stolon,  which  lies  in  the  axis  of  the  calyx  and  is  homologous  to 
the  axial  organ  of  other  echinoderms.    The  sexes  are  separate. 

Distribution  and  Habtts.—The  stalked  crinoids  are  deep-sea  forms, 
and  most  numerous  in  East  Indian  waters,  but  are  also  found  in  nearly 
all  oceans;  they  constitute  about  one-fifth  of  living  crinoid  species.  The 
Antedonidae  and  Comaateridae  are  not  stalked  as  adults,  and  are  also 
commonest  in  East  Indian  waters,  varying  from  the  shallow  waters  along 
the  shores  to  great  depths,  but  are  also  found,  and  often  plentifully,  in 
almost  all  seas;  they  do  not  occur,  however,  in  the  shallow  waters  of 
New  England.  The  stalked  forms  may  be  rooted  to  the  bottom,  but  it  is 
likely  that  the  stem  is  occasionally  broken  accidentally  or  perhaps  by  the 
animal  itself  and  that  it  then  moves  about  by  means  of  the  arms. 
Isocrinus  is  perhaps  never  permanently  rooted,  but  anchors  itself  tempo- 
rarily by  its  cirri,  and  possibly  moves  about  at  will.  The  Antedonidae 
and  Comaateridae  are  found  among  rocks  and  coral  colonies  and  move 
about  slowly,  swimming  by  means  of  their  arms. 

History. —Antedon,  which  has  always  been  the  best  known  crinoid, 
was  usually  classed  with  starfishes  by  the  earlier  zoologists.  J.  S.  Miller, 
in  1821,  first  organized  the  group  under  the  name  Crinoidea,  and  £• 
Forbes,  in  1841,  raised  it  to  the  dignity  of  an  independent  class. 
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The  Crinoidea  contiun  nearly  500  living  specieSi  groaped  in  a  dozen 
or  more  families;  about  2,000  fossil  species  are  known. 
Key  to  the  families  of  Crinoidea  here  described: 

Oi  Sessile  crinoids  (as  adults). 

5,  Calyx  attached  directly  by  its  base 1.  Hqlofodidae 

5,  Calyx  attached  by  a  long  stalk. 

Ci  Stalk  without  or  with  very  few  cirri 2.  Bouboueticsinidae 

c.  Stalk  with  cirri 3.  Pentaobinidae 

Oa  Crinoids  which  are  not  sessile  (as  adults). 
hi  Pinnules  cylindrical  or  somewhat  flattened,  with  very  long  segments. 

4.  Antkdoniuae 
b^  Pinnules,  at  least  the  lower,  more  or  less  prismatic,  with  short  segments. 

5.  COICASTEEIOAE 

Faiolt  1.    HOLOPODIDAE. 

All  the  aboral  plates  of  the  calyx  fused  together;  calyx  joined 
directly  with  the  sea  bottom,  no  stalk  being  present;  10  short  thick  arms 
present,  which  curl  inwards:  1  genus. 

Hglopvb  D'Orbigny.  With  the  characteristics  of  the  family:  1 
species. 

H.  rang!  D'Orb.    Height  4  cul:  in  the  Caribbean  Sea;  rare. 

Family  2.    BOUBGUETKIBINIDAE. 

Calyx  slender,  with  5  basals  and  5  radials  often  united,  and  with 
5  or  10  arms ;  stalk  long,  with  veiy  few  or  no  cirri :  1  living  genus. 

BHizoOBDnre  Sars.  Calyx  elongate;  5  slender  arms  with  long 
pinnules;  no  cirri  except  on  root  of  stalk:  15  to  20  species. 

B.  lofotensis  Sars.  Arms  with  30  to  40  segments,  8  cm.  long;  stalk 
7  cm.  long:  in  Atlantic  Ocean,  from  80  to  1,900  fathoms. 

Family  3.    PENTACBINIDAE. 

Calyx  small ;  5  arms,  each  dichotomously  divided  1  to  10  times,  with 
small  pinnules ;  stalk  long,  with  long  cirri ;  no  root :  4  to  5  living  genera. 

booannrs  Von  Meyer.  Calyx  with  5  basals;  arms  divided  3  to  5 
times;  stalk  often  very  long,  and  more  or  less  distinctly  pentamerous 
in  cross  section:  3  species  in  the  West  Indian  region. 

I.  astexiaa  (L.)  (Fig.  967).  Length  of  stalk  up  to  48  cm.,  of  the 
cirri  7  cm.,  of  the  arms  10  cm. :  West  Indies,,  in  80  to  300  fathoms. 

Family  4.    ANTEDONIDAE. 

Crinoids  which  have  a  stalk  and  are  sessile  only  as  young  animals, 
the  adult  having  shed  the  stalk,  except  the  first  segment  or  the  first  few 
segments  which  fuse  together  and  bear  cirri  and  are  called  the  ''centro- 
dorsal;''  5  to  20  or  more  long  arms,  on  which  are  pinnules:  several 
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genera  with  more  than  a  hundred  BpeeicB ;  in  almoet  all  seu  from  shallow 
water  to  2^900  fathoms,  among  rocks  or  hydroid  or  coral  colonies  or  in 
algae,  climbing  abont  actively  by  means  of  their  anna  and  cirri  or 
svimming  about  slowly. 

Amtesoh  Fr&ninville.  Month  central  and  ambnlacral  grooves 
eqo&l  in  length;  pinnnles  smooth,  one  or  more  of  the  proximal  elon- 
gated and  flagellate;  centrodoisal  hemispfaerical  or  nearly  discoidal,  with 
10  to  30  cirri :  35  species. 


A.  teiiella  (Retidns)  {A.  dentata  Say)  (Fig.  968).  Ten  armj;  cen- 
trodoisal  with  26  to  30  cirri,  each  with  10  to  16  segments;  diameter  6  cm.: 
Atlantic  coast,  in  35  to  600  fsthoms,  from  New  Jersey  northwards. 

Fault  6.    G0UA8TEBIDAE. 

Similar  to  the  Antadonidae,  but  differing  in  that  the  mouth  is  excen* 
trie,  the  ambnlacral  grooyes  are  of  unequal  length,  the  proximal  pinnules 
are  serrated,  and  the  centrodorsal  is  discoidal  with  few  or  no  cirri:  a 
dozen  genera  and  numerous  species;  in  all  warm  seas,  chiefly  in  shallow 
water. 

1.  NlOOOlUTBLLa  A.  H.  Clail  {Contatula  Lamarck;  Actinometra 
J.  Miiller).  Outer  segments  of  cirri  with  slight  dorsal  processes;  arms 
more  than  10:  1  q>eGies. 
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N.  alata  (Ponrtalte).  Twenty  amis  present;  eentrodorsal  with 
about  30  oirri  in  2  irregular  rows,  each  with  15  to  18  segments:  West 
Indian  waters,  from  78  to  310  fathoms. 

2.  OoxAOTZViA  A.  H.  Clark.  Segments  of  oirri  without  dorsal 
processes;  10  arms  present:  3  or  4  species;  in  West  Indian  waters. 

0.  meridionalis  (£.  C.  and  A.  Agassiz).  Length  and  stoutness  of 
arms  variable;  segments  of  genital  pinnules  very  short:  Beaufort,  N.  C, 
and  southwards,  in  12  to  100  fathoms. 

Glass  2.    ASTEBOZDEA.* 

Starfish.  Echinoderms  in  which  the  radii  are  more  or  less  elongated 
so  that  the  body  has  the  form  of  a  five-armed  star  (Fig.  965,  A).  In 
some  of  them  the  number  of  arms  is  normally  greater  than  five,  and 
many  abnormal  individuals  are  found  with  more  or  sometimes  less  than 
this  number.  The  oral  surface  is  directed  downwards  and  on  it  the 
animal  rests  and  moves  about;  the  aboral  surface  is  directed  upwards. 
Surrounding  the  mouth  is  a  membranous  area  called  the  peristome 
(Fig.  966,  A,  3).  The  main  axis  of  the  body  is  short  and  extends  from 
the  mouth  in  the  middle  of  the  oral  to  the  middle  of  the  aboral  surface: 
the  anus  has  an  excentric  position  in  this  surface. 

Extending  from  the  peristome  along  the  oral  surface  of  each  arm 
is  the  median  ambulacral  groove,  from  the  walls  of  which  either  two  or 
four  rows  of  ambulacral  feet  project  into  the  surrounding  water  (10). 
On  the  aboral  surface  in  an  interradius  is  the 
madreporite  (9),  the  external  opening  of  the  am- 
bulacral system. 

The  external  epithelium  is  ciliated.  Spines  or  7^  ^  ^, 
tubercles  appear  on  the  surface  of  all  starfishes;  ^  96»— A  and  B 
some  of  these  especially  along  the  edges  of  the  &*^*^^lSla  SmSSig)! 
ambulacral  grooves  are  movable.  Minute  pincer- 
like  organs  called  pedicellariae  (Fig.  969,  A  and  B),  which  are 
modified  spines,  are  usually  present;  they  may  be  either  sessile 
or  pedunculate  (stalked),  and  their  jaws  are  either  straight  or 
crossed  like  scissors.  Paxillae  (C),  also  modified  spines,  are  present  in 
some  groups,  each  paxilla  being  a  thick  calcareous  rod,  the  summit  of 
which  is  covered  with  minute  spines.  Short  finger-like  projections  of 
the  body  wall  called  papulae  (Fig.  966, 15)  also  appear,  especially  on  the 

•  See  "North  American  Starfish/'  by  A.  Agassis,  Mem.  Mus.  Comp.  Zool.»  Vol.  6, 
1877.  "Report  on  the  Asteroldea,"  Zoology  of  the  Challenger,  Vol.  XXX,  by  W.  P. 
Bladen,  1889.  "Asteroldea/*  by  A.  B.  VerrlU,  Amer.  Jour.  Sd.,  Vol.  49,  1896. 
"Reylslon  of  Certain  Genera  and  Spedes  of  Starfish/*  by  A.  B.  VerrlU,  Trans.  Conn. 
Acad.,  Vol.  10,  p.  140,  1899.  '^Asteroldea  of  the  North  Pacific  and  Adjacent  Waters," 
by  W.  K.  Fisher,  Ball.  U.  &  N.  M.,  1911. 
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aboral  surface,  which  are  of  importance  in  respiration  and  excretion.  A 
red  eye  spot  is  present  at  the  tip  of  each  arm,  but  with  this  exception 
special  sense  organs  do  not  occur. 

Internal  Structure.—The  calcareous  plates  which  support  the  body 
are  of  various  sizes  and  joined  with  one  another  by  muscles  and  con- 
nective tissue  fibres.  The  most  regularly  arranged  of  them  are  the 
ambulacral  plates,  two  rows  of  narrow  calcareous  rods  which  form  the 
roof  of  the  ambulacral  groove;  between  these  plates  are  the  ambulacral 
pores. 

The  mouth  (1)  is  a  small  opening  in  the  middle  of  the  peristome. 
From  it  a  short  oesophagus  leads  to  the  large  stomach  (6),  which,  with 
its  folded  walls,  fills  the  disc.  Joining  the  aboral  portion  of  the  stomach 
are  the  five  pairs  of  extensively  branched  liver  sacs  which  lie  in  the 
arms.  A  short,  slender  rectum  passes  from  the  stomach  to  the  anus  (2) 
and  may  send  off  a  small  branched  cascum ;  anus,  rectum,  and  cscum  are 
apparently  all  rudimentary  structures,  and  the  anus  and  ciecum  may 
be  absent.  The  ring  canal  (4)  and  the  radial  canals  of  the  ambulacral 
system  are  extra-skeletal  in  position,  the  former  lying  at  the  margin  of 
the  peristome  and  the  latter  in  the  middle  line  of  the  ambulacral  grooves. 
Paired  branches  go  from  the  radial  canals  to  the  ambulacral  append- 
ages, which,  except  in  three  or  four  families,  possess  terminal  sucker 
discs  and  are  used  for  locomotion.  One  or  two  rows  of  these  are  present 
on  each  side  of  the  radial  canal;  from  each  foot  a  small  sac  called  an 
ampulla  (8)  extends  through  the  ambulacral  pore  into  the  body  cavity, 
the  function  of  which  is  to  aid  in  extending  the  foot.  The  walls  of  the 
ampulla,  as  those  of  the  foot,  are  muscular  and  by  their  contraction  the 
ambulacral  fluid  is  forced  into  the  foot.  The  terminal  end  of  each  radial 
canal  projects  freely  into  the  water  at  the  tip  of  the  arm.  Two  kinds  of 
glandular  sacs  may  extend  from  the  ring  canal  through  pores  into  the 
body  cavity,  which  furnish  lymph  cells  to  the  ambulacral  fluid;  those  of 
most  general  occurrence  are  the  Tiedemann's  vesicles;  the  others  and 
larger  ones  are  the  Polian  vesicles.  The  ring  canal  is  joined  with  the 
madreporite  by  the  stone  canal  (5). 

Special  respiratory  and  excretory  organs  are  not  present,  the  ciliated 
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external  surface  of  the  body  with  the  papulae  and  ambulacral  appendages 
performing  the  functions  of  such  organs. 

The  most  important  circulatory  vessels  are  a  ring  vessel  and  five 
radial  vessels  which  lie  just  beneath  the  main  ambulacral  canals;  they 
are  in  open  connection  with  the  body  cavity.  The  superficial  oral  nerv- 
ous system  is  epithelial  and  extra-skeletal  in  position;  each  radial  nerve 
ends  at  the  tip  of  the  arm  with  an  eye.  The  other  nerves  are  intra- 
skeletal  and  are  not  strongly  developed. 
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The  BQxee  are,  with  rare  ezceptions,  separate.  The  teetoe  and  ovaries 
look  much  alike  and  consist  of  Ave  pairs  of  racemose  glands  at  the  base 
of  the  arms,  which  open  to  the  outside  through  minute  pores  in  the  inter- 
radii.  Adjoining  the  stone  canal  is  the  cjlindricsl  axial  organ  enclosed 
in  the  axial  sinos,  a  portion  of  the  body  cavity.  An  ezteosion  of  the 
axial  or^n  forma  a  ring  around  the  aboral  side  of  the  body  cavity,  from 
which  a  strand  goes  to  each  reprodnctive  gland.  The  axial  sinus  follows 
this  extension  and  also  finally  encloses  the  glands  themselves.  The 
larval  starfish  is  either  a  bipinnaria  or  a  bracfaiolaria.  In  some  star- 
fishes the  female  forms  a  brood  sae  by  bending  the  arms  together,  in 
which  the  eggs  are  sheltered. 

Distribution    and    i^oMts.— Starfish    are    common    animals    throngfa- 
ont  the  world,  being  found  in  all  seas  from  tide  lines  to  very  great 
depths.    They  move  slowly  about  on  the  bottom  by  means  of  their 
ambulacral  feet  and  also  to  some  extent  by  the  movements  of  their  arms, 
often  in  schoob,  devouring  the  moUusks  and  cmetaeeans  they  meet  io 
their  path.    They  are  important  enemies  of  the  oyster  fisheries.    A  star- 
fish kills  its  prey  by  wrapping  its  arms  about  it  and  evertii^  its  stomach 
over  it  (Fig.  970),  and  slowly  digesting  its  soft  parts.    Those  which  have 
no  suckers  on  the  tube  feet,  however,  can 
not  do  this  and  are  not  camivorous  but 
feed  on  minute  organisms  which  they  swal- 
low.    Starfish  possess  great  regenerative 
powers  and  can  replace  lost  arms. 

History. — Starfishes  were  well  Known 
to    Aristotle    and    also    to   the   medieval      — 
writers  on  animals.    The  scientific  knowl-       ~       .  ,,  _ 

edge  of  them  begins  with  Linck  in  1733,  pig.  970— Starfldi  feeding  (On- 
whose  work  was  a  standard  until  the  time  of  ""'^  **""""  «""">■ 

Cuvicr.  In  1816  appeared  Tiedemann's  comprehensive  description  of  the 
anatomy  of  the  animals,  and  this  and  Mullcr  and  Troschel's  classification 
(1S42)  Iwd  the  foundation  of  our  present  knowledge  of  the  group.  The 
bipinnaria  Isrva  was  discovered  by  M.  Sara  in  1829.  The  modern  classifica- 
tion is  based  upon  that  of  Perrier  (1S75),  and  of  Sladen  (1889). 

The  class  contains  3  orders  and  about  1,000  species. 

Key  to  the  orders  of  Aateroidea  : 

Oi  Statfitbes  with  promineat  contiguooa  marginal  plates  elonx  the  sidea  of 
the  annB  and  with  2  rows  of  nmbnlBcral  feet  id  the  arm. 

1.  Phanebozonia 
a.  Starfishes  uanally   with   long  arms  and  withont  prominent  marginal 
plates;  sboral  body  wall  spin;;  ambulacral  feet  with  suckers. 

b,  PediceUairiae  ver;  rare  or  absent  and  not  pedunculate 2.  SPinniiOaa 

b,  Fedicellarlae  present  and  pedunculate H.  FosctPUUTa 


826  ECSINODEBUATA 

OsDXB  I.    FHAKEKOZOHLL 
Either  1  or  2  rows  of  large  margiiial  pistes  along  the  sides  of  the 
amis  (Fig.  971),  these  plates  being  in  contact  with  one  another  and 
giving  the  ann  a  definite  nuu^in;  2  rows  of  ambulacral  feet  in  each  arm; 
pedicellariae  often  wantii^,  and  when  present,  sessile :  8  families. 

Key  to  the  families  of  Phmterotoma  here  described : 
a,  Abora]  wall  membranous,  and  covered  with  paxillse  or  epfnee ;  feet  oonkal ; 
suckers  inccnsplcnoos  or  absent. 
h,  Anns  loos;  feet  without  sucken;  paxlllae  present. .. .1.  AanwmunjiinAK 
h.  Body  nausll;  pentaxooal ;  epiprcN:tal  projection  on  aboral  sortaoe. 

2.    FOBCnX.AKABTEBn>AI 

0,  Aboral  woJI  not  membranoos ;  body  often  pentacoual ;  feet  with  sucking  diaca. 

bi  Aboral  wail  with  closely  QttInK  pistes,  moaalc-llke 8.  Gohiastzbidak 

b.  Plates  of  aboral  wall  form  a  reticulum. 

0,  Body  covered  with  a  smooth,  thick  sktn B.  AamnnDaa 

c^  Body  not  covered  by  a  thick  skin 4.  OnusmoitAE 

Faiolt  1.  ASTBOPECTINIDAE. 
Flattened  starfishes  with  long,  slender  arms,  with  a  membnuions 
aboral  wall  covered  with  pazilloe  (Fig.  969,  C),  with  very  lai^  marginal 
plates  (Fig.  971,2),  which  may  carry  long  spines,  with  conical  ambnlacral 
feet  which  lack  the  sucking  disc,  and  usoally  without  anus:  9  genera, 
with  more  than  100  species. 

1.  AsTROnOTXN  Gray.     Two  rows  of  marginal  plates,  the  lower  row 
with  many  spines,  the  npper  row  with  granules  or  spines;  no  pedicel- 
lariae:  60  species,  in  all  parts  of  the   world, 
mostly  littoral 

Z-  A.    artlcillatns    (Say).     E^aob    upper    mar- 

ginal plate  near  tip  of  arm  with  a  smaU  blunt 
.■'       tnbercle;  size  20  to  25  cm.:  New  Jersey  south- 
wards,  from  the  shore  to  25  fathoms;    often 
Fig.  OTl— Small  portton       Common, 
^a    arm"^™  A?frS|lS^  A.  dnplicotoa  Gray.    Upper  marginal  pUtes 

SSf!^e'r2.'«p^V'm^  with  erect,  conical  spines;  size  15  to  20  cm.: 
Ibe'lower  marginal  piBto!  North  Carolina  southwards;  common  in  6  to  15 
fathoms. 
A.  calif omiciu  Fisher  (Fig.  971).  Upper  marginal  pUtes  without 
spines  or  tubercles ;  size  12  to  18  cm. :  coast  of  California,  in  10  to  240 
fathoms;  common  in  Monterey  Bay. 

2.  LsiDlA  Forbes.  Only  one  row  (the  lower)  of  marginal  plates; 
pedicellariae  usually  present :  25  species,  10  in  the  Atlantic. 

L.  clathrata  (Say).  Aboral  surface  with  crowded  pazillae;  arms 
much  flattened;  disc  small;  marginal  plates  narrow,  50  or  more  to  an 
arm;  size  20  to  30  cm.;  New  Jeney  to  Florida;  often  very  conunoo. 
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L  foliolftte  Ombe.  Similar  to  above,  bnt  with  heavier  and  more 
spines  on  oral  Borface;  size  30  to  50  cm.:  Facifie  coast  from  Alaska  to 
Mexico,  below  low-water  mark  to  190  fathoms;  often  common. 

L.  MnacaleuU  (Lamarck).  Similar  to  the  above,  bnt  with  9  armB; 
size  30  to  35  cm. :  Florida  and  the  West  Indies;  west  coast  of  Africa. 


More  or  less  peutagonal 
starfishes  with  a  membranous 
sboral  wall  covered  with  paxil- 
lae,  in  the  middle  of  which  rises 
a  tube-like  epiproctal  projec- 
tion; anas  wanting;  2  rows  of 
thin  porcelain-like  marginal 
plates  without  spines;  between 
certain  of  these  plates  occur 
vertical  rows  of  thin  folds  of 
the  integument  called  cribri- 
form organs:  25  species.  n«.  m—OtntoOfaea*  erUpatm*  (Ftiber). 

Otsnodiscns  Uiiller  and  Troscbel.  Body  stellate  or  pentagonal; 
paJdllae  on  the  aboral  body  wall:  1  species. 

0.  Grispatns  (Retrius)  (Fig.  972).  Sise  7  to  10  cm.;  form  of  body 
very  variable,  from  pentagonal  to  stellate:  circumpolar,  ranging  south- 
wards to  California  and  Cape  Cod,  from  shallow  water  to  1,000  fathoms; 
often  common  o£E  New  England ;  Panama. 

FAULT  3.    OONIASTEBIDAE. 
Flattened,    usually    pentagonal    starfishes 
with   2   rows   of  very   large   marginal   plates; 
plates   in   the  aboral  wall   forming  a  mosaic, 
sometimes  with  pozillae:  40  genera. 

1.  HxsUBiBB  Stimpson.     Upper  marginal 

plates  separated  by  pazillae;  aboral  plates  with 

pazillae:  6  or  more  species. 

ns.B73  H.  aqiulifl  Stimp.     Papulae  in  twos  and 

f  li>i>«tn^ft«v«(aM       ti,,^ .  ^^^^  i^  ,if g^  ,,^,jt  „ J .  gjj^  15  to  15  cm. : 

Alaska  to  Lower  California,  in  9  to  167  fathoms. 

2.  HtPPASTSBiA  Gray.  Principal  skeletal  plates  each  with  a  central 
tubercle;  marginal  plates  with  tubercular  spines:  5  species. 

H.  pharygiana  (Pareliua)  (Pig.  973).  Size  15  to  20  cm.;  upper 
surface  bright  red  in  life :  north  of  Cape  Cod,  in  20  fathoms  or  more. 
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Family  4.    OBEASTEBIDAE. 

Thick-bodied  starfishes  with  small  marginal  plates,  and  a  retienlate 
arrangement  (Fig.  974  B)  of  aboral  plates:  10  genera. 

Obsabtsb  Miiller  and  Troschel  (Pentaceros  Linck).  Body  very 
regularly  star-shaped,  with  short  arms  and  large  central  disc;  plates 
with  tubercles:  40  species,  which  are  all  littoral  and  subtropical  or 
tropical. 

O.  reticnlatiis  (L.)  (Fig.  974).  Diameter  30  to  40  cm.;  body  yery 
thick:  South  Carolina  and  southwards,  in  shallow  water. 


A 
Fig.  974— OreMfer  retioulatua  (Tennent).  A«  ouUine  of  body ;  B,  aboral  surface  of  arm. 

Faiolt  5.    ASTEBOPIDAE. 

Starfishes  whose  body  is  covered  by  a  thick,  smooth  skin,  conceaUng 
the  underlying  skeleton :  7  genera. 

DebiM-STESZAB  Perrier.  Body  stellate  and  thick;  no  spines  on  the 
marginal  or  aboral  plates:  1  species. 

D.  imbricata  (Grube).  Size  15  to  20  cul  :  on  rocks  in  shallow  water: 
Alaska  to  Monterey,  California;  common. 

Order  2.    SPINULOSA. 

Arms  usually  long  and  without  prominent  marginal  plates;  aboral 
body  wall  spiny  and  usually  with  a  more  or  less  reticular  or  imbricated 
skeleton;  ambulacral  feet  with  sucking  discs;  pedicellariae  rare  or  absent 
and  not  pedunculate:  5  families. 

Key  to  the  families  of  Spinuloaa  here  described : 

111  Mouth  plates  small ;  ambulacral  grooye  narrow. 

hi  Aboral  skeleton  composed  of  imbricating  scales 1.  Astebinidak 

&i  Aboral  skeleton  reticular 2..  BcHnrASTEBiDAV 

a.  Mouth  plates  large ;  ambulacral  groove  wide. 

&i  Usually  more  than  5  arms 3.  Soi.A8TBbidas 

5t  Fiye  arms  present 4.  Ptebastebidak 
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FuuLT  1.    ASTEBINZDAIL 

Star6ehes  whose  arms  are  joined  by  interradial  espansions  of  the 
disc,  with  small  marginal  plates  and  with  aboral  plates  luoally  imbri- 
cated: 10  genera. 

AsTXMXMA  Mardo.  Body  flattened,  pentagonal  or  star-shaped:  32 
speeieB,  in  all  seas,  and  all  littoral. 

A.  folium  Liitken.  Aboral  plates,  each  with  3  or  4  minute  spines; 
aise  5  cm.;  color  variable,  often  blue  or  greenish:  Florida  and  West 
Indies;  common  on  under  side  of  rocks. 


FIs.  eTS— iiteWna  Minfala  (Ftsbtr). 

A.  niuiata  (Brandt)  (Fig.  975).  Aboral  plates  granular;  size  6  to 
10  em.;  color  variable,  but  commonly  red  or  yellow:  Alaska  to  Lower 
California;  one  of  the  commonest  low-tide  species. 

Fauily  2.    ECHINA8TBBIDAE. 

Starfishes  with  long,  slender  arms;  feet  in  2  rows;  pedicellariae 
wantii^;  skeleton  reticulate  and  formed  of  small  imbricating  plates: 
10  genera. 

1.  HxHBiou  Qray  {Cribrella  Liitken).  Disc  small;  arms  long  and 
cylindrical;  aboral  plates  form  a  very  fine  network  with  small  meshes 
and  numerous  minute  spines:  20  species;  in  northern  seas. 

H.  ungninolanta  (0.  F.  Uiiller)  (Fig.  976).  Body  bright  red, 
purple,  lavender,  or  yellow  above  and  yellowish  below;  diameter  7  to  10 
cm.:  common  from  Greenland  to  Long  Island  Sound,  ranging  as  far 
Boath  as  Cape  Hatteras,  from  low-water  mark  to  200  fathoms;  Pacific 
eoast;  Europe;  Asia. 

8.  EoHDiABTZB  Uoller  and  Troscbel.  Arms  long  and  cylindrical; 
meshes  of  aboral  skeletal  network  rather  large,  with  coarse,  scattered 
spines :  20  species ;  littoral. 
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E.  iplimlonu  Verrill.  Disc  nther  small;  color  dark  violet;  size  10 
cm.:  common  on  the  florid^  coast,  ranging;  north  to  Cape  Hatteru  or 
perhaps  New  Jersey. 

Familt  3.    SOLABTEBIOAE. 

Arms  long  and  sleoder  and  oftea  more  than  5  in  nnmber;  aboral 
plates  reticular,  and  bearing  paxillae;  2  rows  of  feet  sad  no  pedicel- 
Iftriae :  6  geoera,  mainly  in  shallow  water  in  temperate  boss. 

Sounu  Forbes.  Rays  7  to  14 ;  aboral  plates  form  a  fine  network 
with  small  meshes :  12  species. 

8.  (Odeca  (L.).  Purple  snn-star  (Fig,  977).  Arms  7  to  13,  nsnally 
9  to  11  in  number,  with  2  rows  of  marginal  plates;  color  reddish-purple 


above ;  size  20  to  35  cm. :  common  from  Cape  Cod  northwards,  from  low- 
water  mark  to  150  fathoms;  Pacific  coast;  Europe. 

S.  paPposQS  (L.).  Common  sun-star  (Fig.  978).  Arms  8  to  14, 
usually  10  or  11,  with  1  row  of  margiaal  plates;  color  red  or  variegated; 
aboral  network  with  larger  meshes  than  in  S.  endeca:  Cape  Cod  north- 
wards, betDg  common  north  of  Casco  Bay;  Pacific  coast;  Europe. 

Family  4.    PTEKA8TEBIDAE. 

Starfishes  with  a  large  disc  and  short,  thick  arms;  aboral  surface 
eovered  with  a  skin  which  passes  over  the  spines,  eDclosing  a  brood 
chamber;  2  or  4  rows  of  feet  and  no  pedicetlariae:  10  genera. 

Ptbsastzb  Miiller  and  Troschel.  Aboral  skin  with  a  large  central 
opening  into  the  broad  chamber,  provided  with  valves;  oral  surface  also 
covered  with  a  similar  skin:  28  species. 
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P.  miUtarifl  (O.  F.  Miiller)  (Fig.  979).  Arms  short  and  thick;  disc 
thick  and  arched ;  under  side  flat ;  diameter  9  em. :  circumpolm*,  south  to 
Cape  Cod  and  Washington,  in  10  to  350  fiithoms; 
£nrope. 

Obdib  3.    FOEOIPTJLATA.  ^^_ 


Pedioellariae  pedunculate,  with  either  crossed 
or  straight  jaws;  spines  conspicuous;  aboral  skele- 
ton reticular:  7  families. 

Key  to  the  families  of  Forcipulata  here  de-  Pter^^iofU 

scribed :  (Leunls). 

Ox  Arms  not  sharply  set  off  from  the  central  disc. 

&i  Aboral  skeletal  plates  almost  contU^uous 1.  Stichastebidas 

ba  Aboral  skeletal  plates  from  a  reticulum 2.  Astsbiidak 

a.  Arms  sharply  set  off  from  central  disc 3.  Bbisingidas 

Familt  1.    STICHASTEBIDAE. 

Starfishes  with  long,  slender  arms;  aboral  plates  large  and  in  longi* 
tudinal  rows ;  4  rows  of  feet :  4  or  5  genera. 

Stichastxb  Miiller  and  Troschel.  Numerous  spines  on  each  side 
of  the  ambulacral  grooves:  10  species. 

A.  albnlus  (Stimpson).  Diameter  of  disc  2  to  3  cm.;  6  cylindrical 
rays,  usually  in  2  groups,  3  long  and  3  short  ones:  Cape  Hatteras  (deep 
water),  to  the  Arctic  Ocean,  low-water  mark  to  200  fathoms;  often 
common. 

Family  2.    ASTFBIIBAE. 

Starfishes  with  usually  a  small  disc  and  5  to  12  or  more  arms; 
aboral  plates  with  a  reticulate  arrangement  and  bearing  spines ;  pedicel- 
lariae  with  straight  and  crossed  jaws;  4  rows  of  feet:  about  10  genera. 

AsTBSiAB  L.*  Usually  5  arms  present;  1  or  more  rows  of  movable 
spines  on  each  side  of  the  ambulacral  groove;  pedicellariae  with  crossed 
jaws  around  the  base  of  the  spines  and  with  straight  jaws  among  the 
papulae:  numerous  species;  in  shallow  water  in  most  seas,  being  com- 
monest in  temperate  zones,  and  especially  abundant  and  reaching  very 
large  size  on  the  North  Pacific  coast  of  America. 

A.  forbesi  (Desor)  {A,  arenicola  Stimpson;  Asteracanthion  bery- 
Unus  A.Agassiz).  Common  star  (Fig.  980).  Rays  stout  and  tending  to  be 
blunt  and  cylindrical;  spines  rather  few  and  coarse;  madreporite  bright 
orange;  color  very  variable,  being  oftenest  greenish-black;  diameter  16 

*  See  "Natural  History  of  the  Starflab/*  by  A.  D.  Mead,  Bull.  U.  S.  Flab.  Com. 
for  1899,  p.  203,  1900. 
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cm.  and  more :  common  from  Cape  Cod  southwards,  less  commoD  or  ran 
northwards  to  Maine,  from  the  shore  to  30  fathoms. 

A.  vnlguii  Verrill  {Aateracanthion  pallidus  A.  Ag).  Purple  star 
(Fig.  981).  Rays  flattened  and  tending  to  be  pointed;  spines  nnmerone, 
tending  to  form  a  notioeable  median  longitudinal  row  on  the  aboral  sur- 


PIC.  mo—Aiteriat  forieti  (CUck).  Fit.  »Sl~AtterUit   TulgarU   (Clark). 

face  of  each  arm;  madreporito  pale  yellow;  color  very  variahle,  but  gen- 
erally some  shade  of  purple;  diameter  15  to  40  cm.:  common  from  eastern 
end  of  Long  Island  northwards,  from  the  shore  to  300  fathoms,  ranging  in 
deep    water    as    far    south    as    Cape    Hat- 
teras. 

A.  llttoialiB  (Stimp.).  Body  thick,  with 
very  hroad  rays ;  color  olive  green ;  diameter 
4  to  5  cm.;  2  rows  of  ambulacral  spines: 
Casco  Bay  to  Cumberland  Gulf,  in  shallow 
water,  often  very  common  on  fucns. 

A.  tenera  Stimp.  (Fig.  9S2).  Arms  cyl- 
indrical, slender,  and  tapering;  skeleton 
firm,  with  numerous  spines;  madreporite 
small  and  nearly  white;  color  varying  from 
pUTplish-pink  to  neaiiy  white;  diameter  S 
to  8  cm. :  from  Nova  Scotia  to  New  Jersey, 
ill  10  to  85  fathoms,  often  common. 

A.  oclumcea  Brandt.  Aboral  plates  very  extensively  developed,  with 
only  small  holes  between  them;  a  prominent  median  ridge  present  on 
each  arm;  body  very  lar^  and  heavy,  60  to  70  em.  acrose,  with  arms 
6  to  8  cm.  in  vertioal  diameter  at  base;  color  violet:  one  of  the  com- 
monest starfishes  on  the  Pacific  coast,  ranging  from  Alaska  to  San 
Di^o. 
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FUULT  7.    BBISINGIDAE. 

Disc  small  aod  oirctUar ;  arms  8  to  18  in  number,  long  and  round  and 
set  off  from  the  disc  like  those  of  brittle-stars;  feet  in  2  rows;  numerous 
pedicellariae :  6  genera,  all  of  the  species  of  which  live  in  the  deep  sea. 

Oonru  Perrier.  Disc  with  papulae  on  the  upper  surface;  arms  very 
fragile :  6  to  8  species. 

0.  omoicana  (Verrill).  Rays  20  in  nomber,  abont  35  cm.  long; 
color  bright  orange-red:  New  England  coast, in  175 to 400 fathoms;  rare. 


Class  3.     OPHnJBOIDEA.* 

Brittle-stars.     The  brittle-stais  resemble  the  starfish  in  form,  hut 
the  five  rays  are  greatly  elongated  and  form  slender,  cylindrical  arms, 
which  are  sharply  set  ofiF  from  the  eentral  disc  and  possess  no  ambulacral 
groove.     Two  rows  of  ambulacral  appendages  project  from  their  oral 
surface  into  the  water,  but  these  lack  terminal  suckers  and  hence  are  not 
loGomotory  oi^gans:  the  animal  progresses  by  the  snake-like  movements 
of  its  arms.    As  in  the  starfish,  the  oral  sur- 
face, with  the  mouth  in  its  middle,  is  di- 
rected downwards,  and  the  main  body  asis 
is  very  short.    The  mouth  is  a  complex  star- 
shaped  opening  hounded  by  characteristic 
skeletal  pieces  (Fig.  983) ;  an  anns  is  not 
present.     The   madreporite    (3)    is  in   the 
oral  wall  in  an  interradius.    At  the  base  of 
each  arm  is  a  pair  of  slits  (1)  which  open 
into  a  pair  of  pouches  called  the  genital 

barsae;  in  Ophioderma  each  slit  is  in  two         fib.  ess — Oni  anrriceorths 

— ,  •>  >  ■     .  dlic  and  tbe  bate  of  tbe  arajB 

parts.  These  organs  are  possibly  respiratory       (Coe).     i,  seniui   bunu:  ^ 

in  function  and  are  also  the  receptacles  of      ™^  --''—  ■'  ■  "' -"^>"^i--;  ■ 

the  genital  products. 

The  external  surface  is  not  ciliated;  pedicellariae  are  not  present; 
spines  usually  project  from  the  sides  of  the  arms,  and  spines,  scales,  or 
granoles  are  present  on  the  disc  No  special  sense  organs  are  present. 
In  most  species  the  number  of  arms  is  five,  but  there  ore  six  normally 
in  some,  and  in  others,  seven  or  eiglit.  In  most  of  the  Agtrophytidae 
they  are  more  or  less  branched. 

Internal  Structure.— Th%  calcareous  skeleton  is  usually  well  devel- 
oped.    The  upper  wall  of  the  disc  is  flexible  and  contains  a  large  num- 

■  8e«  "Bepoit  on  tbe  Opbloroldea,"  by  T.  Lyman,  Challenger  Reports,  VoL  B,  18T6. 
"Ophlnroldea,"  by  H.  Ludwls  and  O.  HamtDO,  Bronn'a  TIercetcb,  ToL  2,  IBOl.  "The 
Opfalojua  ot  the  San  Dlcgo  RegloD,"  by  J.  p.  McCleodon,  D,  of  CaL  Pah.,  Vol.  6. 1M>. 
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ber  of  small  plates  or  scales,  from  which  spines  may  project;  a  pair  of 
these  called  the  radial  shields,  which  are  at  the  base  of  each  arm,  are 
usually  conspicuous.  The  plates  surrounding  the  mouth  form  a  complex 
system  (Fig.  983),  the  largest  ones  being  the  five  buccal  plates  in  the 
interradii,  one  of  which  being  also  the  madreporite.  The  five  interradial 
projections,  which  determine  the  form  of  the  star-shaped  month,  are 
called  the  jaws,  and  are  composed  each  of  a  number  of  plates,  from 
which  the  teeth,  tooth  papillae,  and  oral  papillae  project  into  the  month. 
The  arm  contains  typically  four  rows  of  superficial  plates,  an  oral,  an 
aboral,  and  two  lateral  rows,  and  these  surround  an  axial  row,  whieh 
occupies  almost  the  entire  interior  space  of  the  arm;  these  plates  are 
joined  together  by  muscle  and  connective  tissue  strands.  The  paired 
ambulacral  appendages  pass  between  the  ventral  and  the  abutting  latend 
plates  in  each  arm.  The  axial  plates  originate  as  paired  stmcturesy 
which  unite  more  or  less  completely  in  the  middle  line.  In  a  few  forms 
the  arms  are  without  definite  superficial  calcareous  plates.  The  lateral 
plates  of  the  arms  usually  bear  spines. 

The  mouth  leads  through  a  short  cBSophagus  to  the  sac-like  stomach 
which  fills  the  disc.  No  liver  sacs,  rectum,  or  anus  are  present.  The 
ambulacral  canals  are  intra-skeletal  and  consist  of  ring  and  radial 
canals,  the  branch  canals  going  to  the  ambulacral  appendages,,  and  the 
stone  canal  going  to  the  madreporite.  Elach  radial  canal  ends  in  a  ter- 
minal tentacle;  no  ampullae  are  present.  The  ambulacral  appendages 
are  not  locomotory,  but  tactile,  respiratory,  and  excretory  organs, 
and  are  called  tentacles.  The  bursae  take  in  and  expel  water,  and  prob- 
ably aid  in  respiration  and  excretion.  The  entire  nervous  system  is 
intra-skeletal. 

T^e  sexes  are  separate,  with  rare  exceptions.  The  reproductive 
organs  consist  of  a  large  number  of  gonads  in  the  interradial  areas  of 
the  disc,  which  open  into  the  ten  bursae.  These  pouches,  which  are 
invaginations  of  the  body  wall,  receive  the  genital  products  and  extrude 
them  into  the  sea  water;  in  Amphiura  aguamata  and  some  other  forma 
they  retain  them  while  development  goes  on,  so  that  in  these  cases  the 
young  are  bom  in  the  form  of  the  adult.  The  gonads  are  all  joined  with 
the  axial  organ  in  a  manner  similar  to  that  in  starfish.  The  axial  organ, 
which  adjoins  the  stone  canal,  and  is  itself  enclosed  by  the  axial  sinus, 
sends  a  strand  to  the  aboral  side  of  the  body  cavity,  which  there  forms  a 
ring.  From  this  ring  branches  go  to  each  group  of  gonads.  The  axial 
sinus  accompanies  the  ring  and  its  branches  and  finally  surrounds  each 
of  the  gonads.  The  larval  brittle-star  is  called  a  plnteus.  Brittle-stars 
have  great  regenerative  powers;  a  lost  arm  is  replaced,  and  in  many 
cases  the  same  is  true  of  the  upper  surface  of  the  disc,  which  may  be 
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periodically  shed;  in  a  nmnber  of  forms  asexual  reproduction  by  division 
of  the  disc  occurs. 

DistribiUion  and  HdbiU.~-The  Ophiuroidea  form  the  most  numerous 
class  of  echinoderms.  They  live  on  the  sea  bottom  or  among  seaweed 
and  coral  colonies,  feeding  on  small  animals  or  organic  matter  of  all 
sorts,  and  moving  about  by  means  of  the  long  arms. 

History,— The  brittle-stars  were  included  by  the  earlier  zoologists 
among  the  starfishes,  LdnnaBus  having  placed  them-  in  the  genus  Asterias, 
In  1816  Lamarck  erected  two  new  genera,  Ophiura  and  Euryale,  to  include 
all  the  brittle-stars,  but  it  was  not  until  1840  that  Muller  and  Troschel 
published  the  first  extended  classification  of  them.  In  1841  Forbes  first 
made  the  group  a  separate  class  of  the  Echinodermata.  The  devel- 
opment of  the  pluteus  larva  was  first  described  by  J.  Miiller.  The  modem 
arrangement  of  the  class  is  largely  due  to  T.  Lyman  and  F.  J.  Bell. 

The  class  contains  more  than  1,100  species,  which  may  be  grouped 
in  two  orders. 

Key  to  the  orders  of  Ophiuroidea: 

Oi  Arms  unbranched  and  mostly  with  distinct  and  regular  plates,  and 

usually  without  the  power  of  rolling  in  towards  the  mouth.  .1.  Ophiubas 

Oa  Arms  with  superficial  plates  poorly  defined  or  wanting,  often  branched* 

and  with  the  power  of  rolling  in  towards  the  mouth 2.  Eubtalak 

Order  1.    OPaIuaAE. 

Brittle-stars  with  usually  5  unbranched  arms  which  possess  distinct 
articulating  axial  plates  and  cannot  (except  some  of  the  Ophiomyxi' 
dae)  be  rolled  towards  the  mouth :  7  families. 

Key  to  the  families  of  Ophiurae  here  described: 

<K  Arms  with  distinct  and  regular  superficial  plates, 
bi  Lateral  spines  on  the  arms  .small  and  close  to  the  surface. 

Ci  Disc  granulated  more  or  less  closely 1.  OpHiODEBMATmAE 

c.  Disc  covered  with  scales  or  plates 2.  Ophioucfidiab 

ft.  Lateral  spines  stand  out  from  the  surface  of  the  arm. 
Ci  Oral  papillae  present. 
di  No  cluster  of  tooth  papillae  at  apex  of  each  jaw. 

€i  Arm  spines  solid,  often  small  and  few 3.  Aicfhiubidab 

e.  Arm  spines  hollow,  often  long  and  numerous 4.  OPHiACANTHmAS 

d,  A  cluster  of  tooth  papillae  at  apex  of  each  jaw 5.  Ophiooomidae 

c.  No  oral  papillae  present 6.  Ophiotbichidae 

a.  Arms  and  disc  without  regular  and  distinct  superficial  plates,  soft  and 

flexible 7.  Ophioktzioab 

Family  1.    OPHIODEBMATIDAE. 

Oral  papillae  present,  fringing  the  mouth ;  disc  more  or  less  closely 
covered  with  granules;  plates  of  arm  regular  and  distinct,  the  lateral 
plates  bearing  spines  which  lie  close  to  the  surface :  10  to  12  genera. 
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Ophiobxuca  Miiller  and  Troschel.  Disc  grannlar,  with  4  bursal 
slits  in  each  interradius;  brachial  spines  short  and  smooth:  18  species; 
littoral,  tropical,  and  mainly  West  Indian. 

O.  brtvispina  (Say)  (0.  oUvaeea  Ayres)  (Fig.  984).  Disc  pentag- 
onal, 10  to  15  nmL  in  diameter;  length  of  arm  40  to  60  mm.;  color  green 

or  brownish:  Cape  Cod  southwards,  from 
the  shore  to  120  fathoms;  common  towards 
the  south. 

Faiolt  2.    OPHIOLEPIDIDAE. 

Oral  papillae  present;  disc  covered  by 
scales  or  plates;  arm  plates  regular,  the  lat- 
eral plates  bearing  small,  closely  lying 
spines:  25  genera. 

OPHimtA   Lamarck.     Disc   with   scales 
Fig.  084 — Ophioderma         or  plates ;  indentation  of  disc  at  the  base  of 
^HrevinHna  (Clark).  ^^^^  ^^  usually  fringed  with  minute  spines 

called  the  arm  comb;  2  bursal  slits  in  each  interradius:  over  100  species; 
eosmopolitan. 

O.  sand  Lutken.  Disc  with  several  large  scales  surrounded  by  small 
ones;  arm  comb  made  up  of  slender  spinelets;  2  scales  to  each  tentacle 
on  middle  of  ray;  diameter  of  disc  15  to  25  mm.;  length  of  arm  50  to  100 
mm.;  color  olive  or  brown:  Casco  Bay  and  northwards,  in  10  fathoms 
and  m'ore;  often  very  abundant;  Europe;  North  Pacific. 

O.  robusta  (Asrres).  Diameter  of  disc  10  mm.;  length  of  arm  about 
30  mm.;  disc  covered  with  small  scales;  1  scale  to  each  tentacle;  color 
reddish:  Cape  Cod  and  northwards,  from  the 
shore  to  150  fathoms;  Europe. 

Fajoly  3.    AMPHIUBIDAE. 

Oral  papillae  present,  fringing  the  mouth; 
plates  regular  and  distinct,  the  lateral  arm 
plates  bearing  small,  solid  spines,  which  stand 

out  from  the  surface  of  the  arm:  about  25        ^tg  995 ophiophoui 

genera.  ^'**^  ^^*'*>- 

Ir  Othxopkolxs  Miiller  and  Troschel.  Arm  spines  rather  stout  and 
conspicuous;  each  upper  arm  plate  surrounded  by  a  series  of  small 
plates;  aboral  surface  of  disc  covered  with  scales  bearing  granules  or 
small  spines:  5  species. 

0.  aculeata  (L.).  Daisy  brittle-star  (Fig.  983  and  985).  Upper 
arm  plates  transversely  oval;  disc  spines  usually  wanting  in  Atlantic 
coast  specimens;  color  extremely  variable;  diameter  of  disc  2  cm.;  length 
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of  ann  7^  to  12  em.:  Long  Island  8onnd  northwards^  from  low-water 
line  to  great  depths;  common  towards  the  north;  Europe. 

2.  Ampkzfolis  Igungman.  Disc  small,  without  spines  but  covered 
with  scales;  arms  slender;  outer  oral  papillae  very  wide,  equal  to  both 
the  inner  ones:  20  species;  cosmopolitan. 

A.  sqnamata  (Delle  Chiaje).  Six  oral  papillae  in  each  comer  of 
mouth,  the  outer  two  very  wide;  2  scales  to  each  tentacle;  color  gray  or 
yellowish;  radial  shields  whitish;  diameter  of  disc  2  to  4  mm.;  length 
of  arm  20  to  39  mm.;  viviparous:  Long  Island  Sound  northwards,  from 
low-wat«r  mark  to  60  fathoms ;  Europe. 

Family  4.    OPHIAGANTHIDAE. 

Aboral  surface  of  disc  with  granules  or  spinelets,  which  more  or  less 
conceal  the  scales;  oral  papillae  present;  plates  of  arm  regular  and 
distinct,  the  lateral  plates  bearing  hollow  spines  which  stand  out  from 
the  surface:  20  genera. 

Ofhiaoavtha  Miiller  and  Troschel.  Disc  with  small  spines  or 
granules;  oral  papillae  long,  7  to  16  being  in  each  corner  of  the  mouth: 
about  100  species;  cosmopolitan. 

O.  bidentata  (Retzius).  Diameter  of  disc  8  to  15  mm.;  length  of 
arm  40  to  50  mm.:  Casco  Bay  and  northwards,  in  10  fathoms  and  more; 
Europe;  Bering  Sea. 

Family  5.    OPHIOTBIGHIDAE. 

Plates  on  upper  side  of  the  arms  small;  no  oral  papillae  present,  but 
a  prominent  group  of  tooth  papillae  at  apex  of  each  jaw ;  brachial  spines 
stand  out  from  the  surface  of  the  arm :  15  genera. 

Opeioth&ix  Miiller  and  Troschel.  Surface  of  the  disc  covered  with 
small  spines  and  granules;  radial  plates  large  and  triangular;  1  scale  to 
each  tentacle:  100  species. 

0.  angulata  (Say).  With  a  longitudinal  stripe  on  upper  side  of 
arm;  disc  8  to  12  mm.  across;  length  of  arms  5  cm.;  color  very  variable, 
purplish  or  greenish :  Chesapeake  Bay  and  southwards. 

Family  6.    OPmOMYXIDAE. 

Arms  and  disc  without  distinct  and  regular  plates  and  covered  with 
a  soft  skin,  so  that  the  arms  can  be  rolled  in  towards  the  mouth;  oral 
papillae  present:  8  genera. 

Othioiiyza  Miiller  and  Troschel.  Disc  and  arms  covered  with  a 
skin;  arm  spines  short  and  but  little  imbedded  in  the  skin:  12  to  15 
species. 

O.  flaccida  (Say).  Diameter  of  disc  15  to  25  mm.;  color  olive  or 
yellowish,  sometimes  very  dark :  Florida  and  West  Indies. 
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Obdsb  2.    EUBTALAS.* 

Brittle-stars  in  which  the  arms  are  often  branched  and  can  be  rolled 

in  towards  the  mouth;  axial  plates  of  the  arms  double,  the  other  plat^ 

rudimentary  or  wanting,  and  the  surface  of  the  body  covered  by  a  soft 

skin:  3  families. 

Family  ASTBOPHYTIDAE. 

Oirdles  of  minute  hooks  on  the  arms,  at  least  near  the  Ups;  teeth 
and  the  mouth  and  teeth  papillae  spinif orm  and  indistinguishable  from 
one  another:  about  20  genera. 

GoBOOVocEPaALtra  Leach.  Disc  circular  or  pentagonal,  with  radial 
shields  on  the  aboral  surface;  each  arm  branches  at  its  base,  and  from 
11  to  15  times  in  addition:  8  species. 

G.  agassixi  (Stimpson).  Basket-fish  (Fig.  986).  Disc  4  to  8  cm. 
in  diameter;  length  of  arm  14  to  28  cm.:  from  Nantucket  northwards, 
from  extreme  low-water  mark  to  800  fathoms;  common  towards  the 
north. 

Class  4.     EOHINOIDEA.t 

Sea-urchins.  Echinoderms  (Fig.  965),  in  which  the  five  radii  are 
not  elongated  so  as  to  form  arms  but  are  approximately  of  the  same 
length  as  the  interradii,  and  the  main  body  axis  is  short,  so  that  the  body 
is  subglobular  in  form  or  disc-shaped.  The  calcareous  plates  are  exten- 
sively developed  and,  except  in  the  EchinothurUdae,  fit  closely  together, 
forming  a  case,  the  ''test"  (Fig.  987),  which  encloses  a  spacious  body 
cavity.  The  oral  surface,  with  the  mouth  usually  in  its  center,  is  more 
flattened  than  the  aboral,  and  is  directed  downwards;  on  it  the  animal 
moves  !about.  Surrounding  the  mouth  is  a  circular,  flexible  area  called 
the  peristome  (Fig.  966,  B,  3),  and  projecting  from  the  mouth  in  most 
sea-urchins  are  five  calcareous  teeth  (Fig.  988).  At  the  edge  of  the 
peristome  are,  in  most  species,  five  pairs  of  branched  outgrowths  called 
the  gills  (Fig.  966,  B,  13).  In  the  middle  of  the  aboral  surface  is  either 
the  anus  surrounded  by  a  system  of  plates  called  the  periproct  (Fig.  987) 
or  the  madreporite  (Fig.  990),  the  anus  in  the  latter  case  being  in  an 
interradius  at  or  near  the  edge  of  the  test. 

The  ambulacral  pores,  through  which  the  ambulacral  appendages 
extend  from  body  cavity  to  the  outside,  are,  with  rare  exceptions,  present 
only  in  the  radii,  four  rows  of  pores  appearing  in  each  radius.    In  eer- 

*  See  "Ueber  Japanlsche  nnd  andere  Evrjalae/'  by  L.  DOderlein,  Abh.  5,  K. 
Bayer,  Akad.  Wlss.,  Math.  Phys.,  Kl.  2,  Supp. 

t  See  "A  Revision  of  the  Echini/'  by  A.  Agassis,  III.  Cat  Mus.  Comp.  ZooL,  No.  7, 
1872>1874.  "Hawaiian  and  Other  Pacific  Echini/*  by  A.  Agassis  and  H.  L.  Clark. 
Mem.  Mus.  Comp.  Zool.,  Vol.  84,  1907.  "Comp.  Morphology  of  the  Echini,*'  by  R.  T. 
Jackson,  Mem.  Bost.  Soc  Nat.  Hist.  1911.  "The  Genera  of  Recent  Clypeastroida,*' 
by  H.  Lb  Clark,  Ann.  Am.  Mag.  Nat.  Hist,  Ser.  8,  Vol.  7,  1911. 
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tain  familiee  the  kboral  ambolacTKl  pores  form  a  oharacteriBtic  five-armed 
flg^fl  which  somewhat  resembles  the  petals  of  flower  and  is  ealled  the 
petaloid  area  (Fig.  900,4).  Inasmuch  as  the  anus  has  shifted  its  posi- 
tioD  in  these  families  to  ao  interradiiu  at  the  edge  or  on  the  oral  side  of 
the  body,  the  latter  can  easily  be  divided  by  a  longitudinal  plane  into  a 
right  and  left  half;  in  most  spatangoids  the  mouth  has  also  shifted  its 
position  towards  the  forward  end,  thus  increasing  the  bilateral 
qrmmetry. 

Sea-UTcbins  are  covered  with  spines  which  are  movable  and  articn* 
late  witb  small  tubercles  by  ball-and-aooket  joints.    In  some  forms  the 

I 


a,  iplDe  robticle. 

spines  are  very  long,  and  in  some  their  tips  are  poisonous.  A  ciliated 
epithelium  covers  all  parts  of  the  body,  except  the  lai^e  spines  of  certain 
forms.  Stalked  pedicellariae  with  usually  three  jaws  occur  between  the 
spines  and  on  the  peristome,  the  movements  of  which  are  controlled  by 
striated  muscles.  Sphnridia,  minute,  spherical  bodies  which  are  modified 
spines,  occur  in  most  cases  on  the  oral  surface;  they  are  probably  static 
organs. 

Ambnlacral  appendages  exist  in  three  different  forms:  (1)  loco- 
motory  feet  with  sucking  discs,  which  are  of  very  general  occurrence; 
(2)  ten  large  oral  feet  which  surround  the  mouth  on  the  peristome  and 
may  be  organs  of  taste  or  smell;  and  (3)  tactile  or  branchial  appendages, 
without  sucking  discs,  which  characterize  the  petaloid  area. 

Internal  Stnteture.—The  calcareous  plates  in  the  body  wall,  which 
form  the  test,  fall  into  three  gronps,  the  peristomal,  the  coronal,  and  the 
apical.  The  corona  forms  the  greater  part  of  the  test  It  is  composed 
of  twenty   rows  of  polj^nal   plates    (Fig.  987),  which,  in  most   sea- 
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urchins,  fit  immovably  together  and  extend  from  the  peristome  on  the 
oral  side  to  the  apical  plates  on  the  aboral  side  of  the  body.  Two  of 
these  rows  are  situated  in  each  radius  (1)  and  two  in  each  interradios 
(2)y  the  radial  plates,  as  we  have  just  seen,  being  pierced  by  the 
ambulacral  pores.  The  plates  of  the  corona  bear  the  tubercles  (6)  on 
which  the  spines  articulate. 

The  peristome  is  sometimes  without  plates  and  entirely  membranous; 
in  some  forms  small  irregular  plates  are  imbedded  in  it;  in  some  it  con- 
tains rows  of  plates  which  are  continuous  with  those  of  the  corona. 
The  apical  plates  occupy  the  center  of  the  aboral  surface.  In  the  regu- 
lar sea-urchins  (Fig.  987)  they  consist  of  the  anal  plates  which  surround 
the  anus  (5)  and  form  the  periproct,  the  five  genital  plates  (4)  at  the 
aboral  ends  of  the  five  interradii,  in  each  of  which  is  a  genital  pore,  and 
five  radial  plates  at  the  aboral  ends  of  the  five  radii.  Each  of  the  latter 
is  pierced  by  a  pore  through  which  the  terminal  end  of  the  radial  canal 
projects;  inasmuch  as  it  is  pigmented,  it  was  formerly  supposed  to  be 
an  eye,  and  the  plate  is  generally  called  the  ocular  plate.  In  the  regular 
sea-urchins  one  of  the  genital  plates  is  the  madreporite  (3).  In  the 
other  sea-urchins  the  anal  plates  are  not  in  the  apical  system  and  the 
arrangement  of  the  other  plates  is  changed,  the  madreporite  being 
usually  in  the  center  of  the  group  (Fig.  990, 3). 

The  ambulacral  system  consists  of  a  ring  canal  (Fig.  966,  B,  4) 
around  the  (esophagus  and  five  radial  canals  (7)  which  pass  along  the 
radii  on  the  inner  surface  of  the  shell  to  the  radial  plates,  through  which 
they  project.  The  branches  going  to  the  feet  possess  each  an  ampulla. 
The  stone  canal  (5)  passes  from  the  ring  canal  to  the  madreporite  and 
is  surrounded  by  the  axial  sinus  with  its  axial  organ. 

The  alimentary  canal  consists  of  a  wide  tube  (6)  which,  beginning 
at  the  mouth,  winds  completely  around  the  inner  wall  of  the  body  cavity, 
then,  turning  on  itself,  winds  around  again  in  the  opposite  direction  and 
ends  at  the  anus.  An  accessory  gut  branches  off  from  the  intestine  near 
the  mouth  and,  running  along  parallel  with  it,  joins  it  near  its  middle. 
In  most  sea-urchins  a  complicated  dentary  apparatus  (12),  sometimes 
called  the  lantern  of  Aristotle,  surrounds  the  (esophagus.  It  is  com- 
posed of  five  groups  of  calcareous  plates  bound  together  by  muscles,  and 
from  it  five  calcareous  teeth  project  through  the  mouth  to  the  outside. 

Respiration  and  excretion  are  performed  by  the  entire  surface  of 
the  body,  and  especially  by  the  ambulacral  appendages,  the  peristomal 
gills,  and  perhaps  the  accessory  intestine.  The  superficial  oral  nervous 
system  is  intra-skeletal,  lying  along  the  ambulacral  vessels.  Speeial 
sense  organs  are  poorly  developed.  Spheridia  are  almost  universally 
present    In  some  genera  pigment  eyes  are  distributed  over  the  body. 
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The  sexes  are  separate.  The  gonads  are  usually  fiye  in  number  and 
lie  in  the  upper  part  of  the  body  eavity,  opening  to  the  outside  through 
the  genital  pores.  Eaoh  is  joined  by  a  eord  with  an  apieal  ring  whieh, 
aa  in  the  starfish,  is  connected  with  the  axial  organ.  The  genital  prodnets 
are  thrown  into  the  sea  water;  the  larva  is  similar  in  form  to  that 
of  the  Ophiuroidea,  and  is  also  called  a  pluteus. 

Diatributian  and  Hodtt^.— Sea-urchins  occur  in  all  seas,  being  most 
numerous  in  the  neighborhood  of  the  coasty  althou^^  many  deep-sea  forms 
occur.  They  move  slowly  about  l^  means  of  the  ambulacnd  feet  and  the 
spinesy  and  live  on  small  forms  of  life  and  organic  remains  of  all  kinds; 
many  speeies  pass  large  quantities  of  sand  and  mud  through  the  intestine. 
Some  sea-urchins  hollow  out  excavations  in  rocks,  in  which  they  live. 
Certain  species,  in  Fimice  and  Italy  and  other  countries,  are  used  for 
food,  the  genital  organs  being  eaten;  over  100,000  dozen  sea-urchins  are 
yearly  brought  into  the  fish  markets  of  Marseilles. 

History.— Aristotle  was  acquainted  with  several  species  of  sea-urchins 
and  the  name  Echifiua  originated  with  him.  He  was  kdso  acquainted  with 
certain  features  of  their  anatomy,  and  mentions  the  similarity  in  appear- 
ance of  the  dentary  apparatus  to  a  hintem.  The  first  attempt  in  more 
recent  times  to  classify  them  was  made  by  Klein  (1734).  The  knowledge 
of  sea-urchins  did  not,  however,  increase  rapidly  until  the  following  cen- 
tury. In  1816  appeared  Tiedmann's  important  works  on  their  anatomy, 
and  in  the  fourth  and  fifth  decades  of  the  century  the  foundations  of  the 
modem  classification  were  laid  l^  Desor  and  Louis  Agassis,  while  the 
metamorphosis  was  studied  by  J.  Mliller.  In  modem  times  A.  Agassis, 
H.  L.  Clark  and  R.  T.  Jackson  have  done  the  most  to  extend  the  knowl- 
edge of  the  group,  especially  of  the  American  forms. 

Modem  Echinaidea  contain  4  orders,  with  about  500  species.  More 
than  2,000  fossil  species  are  known. 

Key  to  the  orders  of  Echinaidea: 

Oi  Without  periBtomal  gills;  peristome  with  plates;  mouth  central;  anus 

apical  1.  CiOABOlUA 

0,  With  peristomal  gills. 
hi  Dentary  apparatus  present;  mouth  central. 

Ci  Anus  apical 2.  Cbrtieohiroida 

Ct  Anus  In  posterior  interradius;  test  depressed  of  discoidaL 

8.  CLTPBASTSOlUa 

5,  Dentary  apparatus  wanting ;  anus  not  apical 4.  Spatangoida 

Qm>EB  1.    On>ABOn>A. 

Sea-urchins  which  have  no  peristomal  gills;  ambulacral  areas  nar- 
row and  inter-ambulacral  areas  broad,  and  both  ccmtinued  on  the  peri- 
stome to  the  mouth;  spines  large  and  long:  1  family,  with  about  M 
spedes,  mostly  in  the  warmer  seas. 


642  ECHINODEBMATA 

Family  OIDABIDAK 

With  the  characters  of  the  order:  10  to  12  genera. 

EvoiDABZB  Pomel.  Oral  and  aboral  surfaces  flattened;  test  thick; 
interamhulacral  areas  3  times  as  hroad  as  the  amhnhicral;  primaiy 
spines  usually  shorter  than  the  diameter  of  the  test,  stout,  fluted,  and 
granulated;  hetween  these  are  smaller  spiA^s:  3  species. 

E.  tribnloides  (Lamarck).  Diameter  4  to  7  cm.;  color  of  primaiy 
spines  grayish,  broad  and  flat:  South  Carolina  to  Brazil;. common;  from 
shore  to  116  fathoms. 

Order  2.    OENTBECHINOIDA. 

> 

Sea-urchins  with  peristomal  gills  and  sphaeridia;  mouth  central,  with 

jaws;  anus  apical:  10  or  11  families. 

Key  to  the  families  of  Centrechinoida  here  described : 

Oi  Test  more  or  less  flexible 1.  Echinothubiidax 

Oi  Test  rigid. 

&i  Large  spines  hollow 2.  GfiNTJUDCHnfiDAB 

^  Spines  solid. 

Ci  Periproct  with  but  few,  usually  4,  plates 3.  Asbacudam 

Oa  Periproct  with  many  plates. 

di  Ambulacral  plates  with  3  pairs  of  pores 4.  EoHniiDAB 

4t  More  than  3  pairs  of  pores 5.  Stbonqtlocbntbozidab 

Family  1.    ECHXNOTHUBnDAE. 

Test  flexible,  the  plates  being  movable  and  overlapping  one  an- 
other; peristome  with  ambulacral  plates  and  feet,  but  without  interam- 
hulacral plates:  6  genera. 

Phobkoboka  Wyville  Thompson.  Difference  between  oral  and 
aboral  sides  marked;  primary  spines  on  the  oral  side  encased  in  a  thick 
membrane:  4  species. 

P.  sigsbei  (A.  Agassiz).  Diameter  6  to  8  cm.;  spines  small,  reddish- 
orange  in  color:  West  Indies,  in  deep  water. 

Pamilt  2.    CENTEECHINIDAB. 

Sea-urchins  with  peristomal  gills;  ambulacral  areas  narrow;  inter- 
amhulacral areas  large;  spines  long  and  hollow;  the  tubercles  to  which 
they  are  attached  with  a  central  perforation;  aboral  ambulacral  feet 
without  suckers:  9  genera;  mostly  in  the  Pacific  and  Indian  Oceans;  20 
to  25  species. 

CEVTRBOHDnnEi  Jackson  (Diadema  Oray).  Test  circular  in  outline, 
somewhat  flattened,  about  twice  as  wide  as  high;  colors  very  dark;  bine 
eye  spots  often  present  on  the  genital  plates  and  elsewhere:  6  speeieB. 
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0.  intfllamm  (Philippi)  {Diadema  tetosum  Gray).  Spines  blaek, 
very  slender  and  lor^,  and  poisonous;  diameter  8  to  10  cm.;  Florida 
and  West  Indies;  very  common  in  shallow  water  among  rocks  and  corals. 

Fajolt  S.    ABBAOHDAE. 

Sea-nrchins  with  a  circnlar  ontline  and  with  peristomal  gills;  spines 
solid  and  isther  large;  ambalacral  areas  narrow;  aboral  ambolacral  feet 
withont  suckers :  7  genera  and  IS  species. 

AsBAOU  Gray.  Subglobul&r  or  pyramidal  sea-urchins;  interrays 
naked  at  tbe  aboral  end :  5  or  6  species. 

A.  pnnctnlata  (Lamarck)  (Fig.  988).     Color  reddish-brown;  diame- 
ter 3  to  5  cm. ;  height  15  to  25  mm. ;  length  of  spines  20  to  25  mm. :  Cape 
Cod,  southwards  to  Yucatan,  from  low- 
water  mark  to  120  fathoms;  common. 

Fault  4,  ECHENIDAE. 
Sea-urchins  with  a  circular  outline, 
with  peristomal  gills  and  a  single  pair 
of  ambulacral  plates  at  the  base  of  each 
ray  in  the  peristome;  each  ambulacral 
plate  with  3  pairs  of  pores;  periproct 
composed  of  numerous  plates:  9  genera 
and  more  than  50  species. 

1.  LTTEOHnm  A.    Agassiz  (Toxop- 
neuates  Agassiz).    Spines  short;  tubercles  all  of  about  the  same  size  and 
in  several  rows;  peristome  laige:  8  species. 

h.  Tarlsfitni  (Lamarck).  Diameter  5  to  8  em.;  height  3  to  4.5  em.; 
color  green,  often  with  more  or  less  purple;  spines  rather  short  and 
slender:  North  Carolina  to  Brazil,  from  low-water  mark  to  30  fathoms. 

2.  TamtBinTU  Agassiz  {Hipponoe  Gray).  Large  Bea-urobins  with 
a  thin  shell  and  numerous  small  tubercles  on  which  are  small  spines: 
3  species. 

T.  MKulentoa  (Leske).  Test  10  to  15  cm.  in  diameter,  semi-globular; 
color  white:  South  Atlantic  coast  and  West  Indies;  used  for  food  by  the 
West  Indian  n^roes. 

Fault  5.    8TB0HQ7L0CEHTB0TIDAE. 

Sea-urchins  with  a  circular  outline;  4  to  11  pairs  of  pores  in  eadi 
ambulacral  plate:  8  genera  and  about  30  species. 

SlBOVOYLOOSMTsOTiTB  Brandt  Spines  slender  and  fluted ;  tubercles 
not  all  of  the  same  size,  arranged  in  numerous  series  and  often  crowded : 
about  a  dozen  species. 


oral  aspect  (Coe). 
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8.  di6buhl«nib  (0.  F.  Huller).  Green  nrdun.  Diametar  4  to  8 
em. ;  length  of  epines  8  to  16  mm. }  oolor  green :  New  Jersey  northwuda, 
rei;  common  north  of  Cape  Cod;  from  shore  to  650  fathoms;  Eunqw; 
Asia;  Pacific  coast. 

Obdbb  3.    0LTFEA8TK0IDA. 

Sea-urchins  in  which  bilateral  symmetry  of  oater  form  has  been 
seoondarily  aoqtiired;  anus  in  posterior  interradioa  at  margin  of  test  or 
on  oral  sorface;  test  more  or  lees  depressed  or  discoidal;  month  central, 
with  a  dentary  apparatos:  6  families. 

Fawlt  1.    CLTFEA8TBISAB. 

Bilaterally  symmetrical  sea-orchius  with  a  thick  shell  covered  with 
short  spinea;  in  the  center  of  the  aboral  surface  is  the 
madreporite,  from  which  radiate  the  five  petaloid  amba- 
laeral  areas :  2  genera  and  20  species. 

OLTrzASTKS   Lamarck.     Shell    more   or   less    five- 
Bided,  each  petaloid  area  being  wide  and  well  marked; 
each  pair  of  ambnlaeral  pores  in  the  petals  joined  by  a 
ctn«Mer        groove;  5  genital  pores:  about  20  species. 
"ilSSS^**  ^-  nbdapreasits  Gray  (Fig.  989).     Shell  thick  and 

qnite  flat;  color  in  life  yellowish-green  or  purplish; 
length  12  cm. ;  width  8  om. :  frcHn  the  shore  to  40  fathoms ;  North  Caro- 
lina to  BnuiL 

FAWLX  2,     HCHITHT.T.TnATI! 

Shell  very  flat,  more  or  less  circolar,  and  covered  with  minute 
■pines;  in  the  center  of  the  aboral  snrface  is  the  madreporite,  from 
which  radiate  the  five  well-marked  petaloid  areaa:  8  genera  and  about 
20  species. 

1.  EoKnrmoHJimB  Leske.  Shell  a  cireolar  disc;  each  petal  wide 
and  with  open  ends;  4  genital  poree:  5  species. 

S.  parma  (I^tmarck).  Sand  dollar  (Fig.  990).  Diameter  7  em. 
or  less,  the  shell  being  slightly  broader  than  long:  Long  Island  Sound 
northwards,    from    low-water    mark    to    800    fathoms;    Paeifio    eoast; 


2.  Keixita  Agassis,  Test  a  oircnlar  diae  piereed  by  5  or  6  alott- 
gated  boles;  each  petal  with  closed  ends;  ambolaeral  grooves  on  tba 
oral  side  maeh  branched;  anns  between  the  month  and  the  interradial 
hole  in  the  shell:  4  species. 
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M.  avloanlMparfonta  (Leake).  Keyhole  nrchin  [Y^g.  991).  Fiva 
bolea  present,  1  mterradUl  and  1  distal  to  each  lateral  petal;  diameter 
of  teat  8  to  12  em.:  Yinejard  Soniid  southwards,  in  shallow  water;  rare 
north  of  Cape  Hatteraa. 

3.  EaooFS  Agassiz.  Test  heavy,  flat  andemeath,  somewhat  arebed 
ftbove,  elliptical,  tmneated  behind  and  with  5  marginal  notcbea  or  elon- 
gated holes;  hinder  inteiradial  area  also  with  an  elong;ated  hole:  6 
species,  littoral;  tropical  America. 


a,  mtdieporlte ; 

E.  nlchiliiil  Ag.  Ifargin  of  test  indented  opposite  the  end  of  the 
petals  (at  least  the  lateral  ones),  these  Indentations  rarely  if  ever  dosed 
at  distal  ends  ao  as  to  form  boles;  length  and  width  14  cm.  or  less: 
Florida  and  Gnlf  coast. 

OsDiB  4.    SFATAHOOIDA. 

Body  secondarily  bilaterally  symmetrical;  mouth  near  the  forward 
end  of  the  body  and  without  a  dentary  apparatus;  anos  at  or  near  the 
hinder  margin  of  the  body;  aboral  ambulacral  areas  petaloid,  the  for- 
ward,  mediaD  area  usually  differing  somewhat  from  the  other  four, 
which  are  paired,  in  appearance:  aboat  36  genera  and  more  than  150 
species  grouped  in  9  families;  tropical  and  subtropical. 

Fault  BPATANGIDAE. 

Body  more  or  less  heart-shaped;  petals  well  marked:  numerous 
genera  and  species. 

Koau  Michelin.  Body  ovate;  apical  area  behind  the  middle;  am- 
bulacral grooves  deep  and  slit-like ;  mouth  far  in  advance  of  the  middle : 
3  species. 

M.  atropoi  (Lamarck).  Length  6  em.:  North  Carolina,  southwards; 
eommon  in  shallow  water. 
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Class  5.    HOLOTHUBIOIDEA.* 

Sea  eaemnbers.  Holothorians.  EchinodeniiB  in  which  the  miun  body 
axis  is  very  long  (Fig.  965,  D)  so  that  the  form  is  often  quite  worm-like. 
The  oral  surface  is  not  directed  towards  the  ground,  as  in  most  eehino- 
derms,  but  the  animal  rests  on  the  side  of  the  cylindrical  body,  with  the  body 
axis  parallel  with  the  ground,  the  oral  surface  forming  the  anterior  and 
the  aboral  surface  with  the  anus  the  posterior  end.  This  arrangement  may 
be  sometimes  disturbed,  however,  and  in  Rhopalodina  lageniformis  of  the 
west  African  coast  the  mouth  and  anus  are  side  by  side  on  the  upper 
surface.  The  side  on  which  the  holothurian  rests  and  which  is  thus  its 
ventral  side  is  often  flattened  and  consists  of  three  radii  and  two  inter- 
radii,  the  remaining  two  radii  and  three  interradii  forming  the  dorsal 
surface. 

The  calcareous  plates  (are  mostly  minute  and  the  body  wall  thus 
lacks  the  rigidity  of  other  echinoderms.  The  external  surface  is  not  cili- 
ated and  is  without  spines  or  pedicellariae.  The  ambulacral  appendages 
exist  in  b  variety  of  forms:  around  the  mouth  are  ten  or  more  long, 
branched,  oral  tentacles;  ambulacral  feet  may  occur  on  all  sides  of  the 
body,  or  only  on  the  ventral  side  of  it,  and  ambulacral  tentacles  without 
suckers  (papillae)  may  occur  on  the  dorsal  side.  The  oral  tentacles  are 
lUone  present  in  several  groups.  The  ambulacral  feet  and  papillae  may 
occur  in  rows  in  the  radii  or  may  be  scattered  irregularly  over  both  radii 
and  interradii 

Internal  Structure.^The  alimentary  canal  is  a  long  tube  which  runs 
from  the  mouth  at  the  forward  end  of  the  body  to  the  anus  at  the  hinder 
end,  generally  turning  on  itself  twice.  The  hinder  portion  is  enlarged  and 
from  it  in  several  families  long  tubular  sacs  extend  into  the  body  cavity. 
These  are  of  two  kinds,  which  are  called  the  respiratory  tree  and  Cuvier's 
organs,  respectively.  The  former  are  a  pair  of  extensively  branched 
organs  in  and  out  of  which  water  is  pumped  through  the  anus;  they  are 
consequently  respiratory  in  function.  The  latter  are  unbranched,  glan- 
dular tubes  connected  with  the  terminal  portion  of  the  respiratory  tree 
and  are  found  only  in  certain  species.  They  are  exceedingly  extensile 
and  sticky  and  can  be  thrust  out  through  the  anus  and  be  used  to  entangle 
an  enemy,  having  thus  a  defensive  function.  The  body  wall  is  well  pro- 
vided with  muscles,  powerful  longitudinal  muscles  running  along  the 
radii  and  transvene  muscles  being  in  the  interradii. 

The  ambulacral  system  consists  of  a  ring  canal,  well  within  the  body 
cavity  around  the  oBsophagus  with  one  or  more  Polian  vesicles,  five  radial 

•  "Holothnrians  of  the  Challenger/'  by  H.  Th^l,  1886.  "Holothnrians.**  la 
BroDD'B  Tierreicb,  by  H.  Ludwigp  1889-92.  "Holotburloidea,**  by  H.  L.  Clark.  1901. 
▲mer.  Nat,  VoL  86,  pp.  479-496.    *'Tbe  ApodouB  HolotbailanB,*'  by  H.  U  Clark,  190& 
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canals  which  pass  along  the  inner  surface  of  the  radii  between  or  ex- 
ternal to  the  longitudinal  muscles,  the  ambulacral  appendages,  and  the 
stone  canal.  The  ambulacral  feet  are  provided  with  ampullae.  Ten- 
tacular canals  branch  off  from  the  radial  canals  and  pass  to  the  tentacles, 
which  may  also  have  ampullae.  The  stone  canal  in  most  holothurians 
does  not  extend  to  the  body  wall  but  ends  free  in  the  body  cavity,  receiv- 
ing through  the  madreporite  the  body  fluid.  In  some  deep-sea  forms  and 
rarely  in  synaptids  it  reaches  the  body  wall;  in  many  holothurians  more 
than  one  canal  is  present.  The  superficial  nervous  system  consists  of  a 
nerve  ring  around  the  mouth  and  radial  nerves  which  proceed  along  the 
radial  ambulacral  canals.  Special  sense  organs  are  better  developed  than 
any  other  class  of  echinoderms  and  pigment  eyes,  otocysts,  olfactory  cups, 
and  taste  papillae  are  all  known.  The  tentacles  also  are  important  tactile 
organs.  The  respiratory  and  excretory  functions  are  performed  by  the 
respiratoiy  trees  and  the  ambulacral  appendages. 

The  reproductive  organs  consist  of  a  single,  branched  gonad  which- 
opens  to  the  outside  on  the  dorsal  surface  either  within. the  ring  of  oral 
tentacles  or  back  of  it;  this  gonad  is  probably  homologous  to  the  axial 
organ  of  other  echinoderms.  The  sexes  are  usually  separate,  but  certain 
hermaphrodites  occur.  The  larval  form  is  called  the  auricularia.  In  a 
number  of  species  the  young  are  hatched  in  the  body  cavity,  where  they 
undergo  development,  ultimately  emerg^ing  through  a  rupture  of  the 
body  wall.  Several  species  carry  the  eggs  and  young  in  brood  pouches. 
Like  all  echinoderms,  holothurians  have  great  regenerative  powers; 
individuals  which  have  voided  the  viscera  may  live  and  regenerate  the 
lost  parts,  and  some  species  have  been  observed  to  break  themselves 
in  two  by  transverse  division,  each  half  developing  into  a  complete 
animal. 

Dtatribution  and  Hodtto.— Holothurians  occur  in  most  seas.  They 
are  found  at  all  depths,  some  species  moving  over  the  bottom  swallowing 
sand  or  mud  and  catching  minute  organisms,  some  living  among  rocks, 
corals,  or  seaweeds,  while  others  bury  themselves  in  the  sand  or  mud. 
They  are  used  for  food  extensively  in  the  Far  East,  the  trepang  of 
the  Chinese  being  the  dried  bodies  of  Holothuria  marmorata  and  other 
species. 

History,— The  name  Holothuria  originated  with  Aristotle  although 
much  doubt  exists  as  to  what  animals  he  applied  it.  Rondelet,  however, 
and  other  medieval  authors  gave  it  to  undoubted  holothurians.  The  first 
anatomical  discriptions  of  holothurians  were  given  by  Bohadsch  (1761) 
and  Pallas  (1766).  linnsus  in  1758  gave  the  name  to  the  Portuguese 
man-of-war  {Phyaalia),  and  by  a  strict  interpretation  of  the  law  of 
priority  it  should  still  be  given  to  this  genus.     O.  F.  Miiller,  however. 
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in  1776  deaeribed  a  considerable  number  of  speeiee,  all  of  which  he  in- 
cluded in  the  genus  Holothuria,  as  did  other  authors  of  his  tune.  Cvmer 
in  1817  also  placed  all  the  known  species  in  this  genus,  which  he  first 
put  in  the  class  Echinodermata,  the  relationship  of  holothurians  to  star- 
fish and  sea-urehins  not  having  been  generally  recognized  before  his  time. 
(}oldfuss  (1820),  following  Oken,  divided  the  group  into  several  genera, 
but  Jager  (1833)  again  united  all  in  the  single  genus  Holothuria.  He, 
however,  subdivided  it  into  three  subgenera  and  these  into  tribes,  and  his 
whole  arrangement  may  be  considered  the  foundation  of  the  modem 
classification.  Of  great  importance  in  more  recent  times  have  been 
Semper's  work  on  the  holothurians  of  the  Philippines  (1867)  and  the 
anatomical  and  systematic  studies  of  Selenka  and  Ludwig. 

The  class  contains  two  orders  and  six  or  eight  families,  with  over 
500  species. 

K^  to  the  orders  of  Holothurioidea: 

Oi  AmbuUcral  feet  present,  or  if  wanting,  respiratory  tree  present. 

1.  Aomvopona 
o,  Ambulacral  feet  and  respiratory  tree  both  absent 2.  PAaiLoriNOPona 

Obdsb  L    ACTINOPODA. 

This  order  includes  the  majority  of  sea  cucumbers  and  all  those  in 
which  the  oral  tentacles  spring  from  the  radial  canals  alone;  ambulacral 
feet  are  present  except  in  the  Molpadiidae:  7  families. 

Key  to  the  families  of  Actinopoda  here  described: 

Oi  Ambnlacral  feet  present 

hx  Oral  tentacles  branched  only  at  tip 1.  HotjOTHUanDAa 

6a  Oral  tentades  much  branched 2.  CncuMKanDAS 

Ot  Ambulacral  feet  absent 8.  Molpadiidae 

Faiolt  1.    HOLOTHUKllDAE. 

Holothurians  usually  elongated  and  more  or  less  cylindrical  in  shape, 
vrideh  have  18  to  30  (usually  20)  oral  tentacles,  the  branches  of  each  of 
which  form  a  frilled  and  expanded  end;  tentacular  ampullae  present; 
genital  pore  outside  the  ring  of  tentacles;  respiratory  tree  well  developed: 
6  to  8  genera  and  about  200  species,  which  are  found  principally  in  the 
tropics,  especially  in  the  Indian  and  Pacific  Oceans;  about  13  si)ecies  are 
used  by  the  Chinese  for  food,  and  enter  into  the  commerce  of  the  East 
under  the  name  of  trepang. 

HoLOTKUXiA  L.  Twenty  oral  tentacles  (occasionally  more);  am- 
bulacral appendages  scattered  over  the  entire  body;  calcareous  bodies 
in  body  wall  numerous  and  veiy  diverse  in  form:  over  100  species,  at 
least  4  of  which  occur  on  the  Florida  coast. 
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E.  floridana*  Ponrtal^  (H.  mexicana  Ludwig)»  Body  elongated, 
cylindrical,  20  to  40  cm.  long;  color  brown  or  yellowish,  often  reddish 
below;  ambulacral  appendages  with  suckers  on  the  under  surface  and 
with  or  without  them  on  the  upper:  Florida  and  West  Indies. 

Faioly  2.    CUCUMEBIIDAE. 

Holothurians  with  10  to  20  branched  oral  tentacles;  ambulacral 
feet  and  respiratory  tree  present;  genital  pore  often  inside  the  ring 
of  tentacles:  12  genera  and  over  200  species. 

Key  to  the  genera  of  Cucumemdae  here  described: 

Oi  Lower  surface  of  body  not  flattened,  the  distribution  of  its  ambulacral 
appendages  not  different  from  that  of  the  upper  surface. 

5a  Feet  in  rows  and  mostly  confined  to  the  radii 1.  Cucumaua 

ht  Feet  scattered  thickly  over  the  entire  surface 2.  Thtoni 

Og  Lower  surface  flattened  to  form  a  distinct  creeping  sole;  10  tentacles; 

no  feet  on  the  upper  surface 8.  PSOLUB 

1.  ChroncauA  Blainville.  Body  usually  thick,  with  10  tentacles 
and  with  feet  in  rows  in  the  radii,  a  few  feet  often  being  also  scattered 
over  the  interradii,  at  least  dorsally:  73  species. 
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Fig.  002  Fig.  003 

Fig.  992 — Cuoumaria  frondoaa  (Clark).       Fig.  998 — Thyone  Inriarmu  (Clark). 

C.  frondosa  (Gunnems)  (Fig.  992).  Length  20  to  30  cm.;  thick- 
ness 10  cm.;  color  reddish  or  brown,  much  darker  above  than  below;  a 
few  ambulacral  appendages  on  the  interradii:  Nantucket  and  north- 
wards from  low-water  mark  to  200  fathoms;  abundant  on  the  Maine 
eoast;  Europe. 

0.  pulcherrima  (Ayers).  Length  6  cul;  thickness  2  cm.;  body 
ovate;  color  whitish;  no  feet  on  the  interradii:  Vineyard  Sound  to 
South  Carolina,  in  shallow  water. 

2.  Tetove  Oken.  Body  ovate  or  elongate,  with  10  tentacles  and 
with  feet  scattered  thickly  over  the  entire  surface:  39  species. 

T.  inbra  Clark.  Red  above,  whitish  below;  20  mm.  long;  viviparous: 
California. 

T.  briarens  (Lesueur)  (Fig.  993).  Length  12  cm.;  thickness  3  em.; 
eolor  dull  brown,  or  black:  Vineyard  Sound  and  southwards,  in  mud 
in  shallow  water;  locally  common. 

^See  '*Tbe  DeTelopment  of  Holotharia  florldana,"  tty  C  L.  Bdwards,  Jour. 
Morpb^  YoL  20,  p.  211,  1800. 
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3.  PlOLin  Okem.  Lower  sarface  of  body  forms  a  creeping  sole  on 
which  are  the  feet  in  rows;  10  oral  tentaclee;  upper  surface  arched, 
irithont  feet,  and  uenally  with  large  ealcareooa  scales:  13  species. 

P.  phaatapns  (Strossenfeldt).  Body  thick,  with  3  rows  of  feet; 
anal  region  candiform;  color  brownish,  reddish,  or  yellowish;  length 
15  cm.;  Cape  Cod  and  northwards,  from  low  water  to  150  fathoms; 
Europe. 

P.  fabridi  (Diiben  and  Keren).  Bod;  wide,  with  2  rows  of  feet, 
one  row  on  eaeh  edge  of  the  creeping  sole;  color  of  upper  side  bright 
red,  the  under  side  lighter;  length  10  to  13  cm.:  Cape  Cod  and  north- 
wards, in  shallow  water;  Alaska;  Europe;  Asia. 

FAim.T  3.    MOLPADIIDAE. 

Body  elongated,  cylindrical  and  without  ambnlacral  feet;  15  ten- 
tacles usually  present,  whieh  are  either  cylindrical  or  have  minate 
branches;  tentaeolar 
fflnals  spring  from 
the  radial  canals  and 
osnally  have  ampul- 
lae: 6  genera  and 
about  50  species. 

OAjnttSA  Stimp- 
Bon .  Body  tapers  pos- 
teriorly  into  a  moic 
or  less  evident  tail:  8 
species. 

0.arsnata(Oonld> 
(£%.  994).  Tentacles 
short,  each  with  4 
branches  at  the  tip; 
color  pink  or  por- 
plish;  length  10  to  17 
em.,  about  a  third  of  which  is  "tail":  Newport,  Rhode  Island,  to  the 
Oulf  of  St.  Lawrence,  from  low  water  to  18  &thoms;  locally  common. 

Obder  2.    PABAOTHTOPODA. 

Holotboriana  without  ambnlacral  feet,  with  10  to  25  feathered, 
digitate  or  simple  tentacles,  whose  tentacular  canals  spring  from  the 
ring  canal,  and  with  1  to  50  Polian  vessels;  ampullae,  radial  canals, 
respiratory  tree,  and  Cnvier's  oigans  wanting;  mostly  hennapbroditic : 
1  family. 
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Familt  8YNAPTIDAE. 

CharaeteiB  as  given  above:  21  genera  and  nearly  100  speeies. 

Key  to  the  genera  of  Synaptidae  here  described: 

Oi  Calcareous  bodies  are  anchors  and  plates 1.  Leptostnapta 

a.  Calcareous  bodies  are  wheels 2.  Chibioota 

1.  LSPTOBTVAFTA  Verrill.  Body  long,  worm-like,  and  semi-trans- 
parent; 10  to  13  pinnate  tentacles  present;  1  stone  canal  and  Polian 
vessel;  ealcareons  bodies  in  form  of  anchors  with  serrate  arms  accom- 
panied by  perforated  plates :  9  species. 

L.  inhmens  (0.  F.  Miiller)  (Fig.  995).  Tentacles  12,  each  of  which 
has  5  to  7  pairs  of  side  branches;  color  whitish;  length  10  to  30  cm.; 
thickness  5  to  10  mm.:  Maine  to  South  Carolina;  common  in  the  sand 
from  the  shore  to  100  fathoms;  Pacific  coast; 
Europe. 

L.  roseola  Verr.  Tentacles  12,  each  of 
which  has  2  or  3  pairs  of  side  branches;  color 
rosy  red;  length  10  cm.  or  less:  Cape  Cod  to 
Long  Island  Sound,  under  stones  and  occasion- 
ally in  the  sand,  near  low-water  mark,  not  so 
common  as  the  preceding;  Bermuda. 

2.  CHnuDOTA  Esehscholtz.  Tentades  12, 
each  with  a  short  stalk  which  widens  distally 
and  bears  3  to  10  pairs  of  side  branches;  cal- 
careous bodies  in  form  of  wheels  usually  with  6 
spokes :  12  to  15  species. 

C.  UbvIb  (Fabricius).  PapilUe  containing 
the  wheels  in  rows  of  20  to  30  in  each  dorsal 

interambulacral  area  and  3  to  12  in  each  ventral  area;  color  pink  to 
translucent  white ;  length  10  to  15  cm. :  Cape  Cod  and.northwards,  from 
low-water  mark  to  45  fathoms,  also  in  deeper  water;  locally  abundant; 
Europe;  Pacific 
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PHYLXJM  Vm. 
OHOBDATA. 

Animals  possessing  the  following  structural  features:  (1)  a  noto- 
chordy  a  cylindrical  rod  lying  along  the  mid-dorsal  line  of  the  digestive 
tube,  from  the  dorsal  wall  of  which  it  has  arisen,  and  ventral  to  the 
eentral  nervous  system;  (2)  a  pharyngeal  respiratory  apparatus  eonsist- 
ing  of  paired  gill  slits  in  the  wall  of  the  pharynx,  which  place  that  strae- 
ture  in  communication  with  the  exterior;  and  (3)  a  tubular,  dorsal  central 
nervous  system.  In  the  air-breathing  chordates,  the  notochord  and  the 
gill  slits  are  present  only  in  the  embiyo,  and  in  the  adult  are  replaeed  by 
the  spinal  column  and  the  lungs. 

The  phylum  contains  about  37,000  species,  of  which  over  35,000  are 
vertebrates,  grouped  in  4  subphyla. 

History, —This  phylum  was  formed  in  1874  by  Haeckel  as  a  result 
of  the  epoch-making  studies  of  Kowalevsky  of  BdUmoglosauSf  aseidians, 
and  Amphioxus  in  the  preceding  decade. 

Key  to  the  subphyla  of  Chordata: 

Oi  Body  (in  the  American  species)  long  and  wonn-like. 

0,  Body  not  worm-like.  ^'  Enteropneusta  (Hemickardaia) 

hi  Body  more  or  less  sac-shaped 2.  Tunicata  ( Uroekordata) 

hg  Body  lanceolate 3.  Leftocabdia   {Cephaloohwrdata) 

5a  Vertebrates  (not  included  in  this  book) 4. 


SuBPHYLUM  1.    ENTEBOPNETJSTA.*     (Hemichobdata.) 

Chordata  in  which  the  notochord  consists  of  a  hollow,  dorsal  projec- 
tion of  the  anterior  portion  of  the  digestive  tract  (Fig.  996,13).  The 
body  is  unsegmented  and  soft  in  texture,  and  is  composed  of  three  por- 
tions, the  preoiul  lobe  or  proboscis  (1),  the  collar  (2),  and  the  trunk  (3). 
The  subphylum  is  composed  of  two  orders,  the  Balanogloasida  and  the 
Cephalodiscida,  the  latter  order  containing  a  very  few  species  of  marine 
and  largely  deep-sea  animals  which  are  not  found  near  our  coasts. 

^  See  "Les  Procord^s/*  by  Delage  et  H4rouard,  Tnlt4  de  ZooL  Coner,  VoL  8, 
189S.  *'The  Deyelopment  of  Balanoglossus/*  by  W.  Bateson,  Quart  Jour.  BCIc  ScL« 
Vola.  24-20,  1884-1886.  "Growth  and  Deyelopment  of  Balanoglomiu/'  by  T.  H. 
Morgan,  Jour.  Morph.,  Vol.  5,  p.  407,  1891.  "Die  Bnteropneusten  dee  Golfee  too 
Neapel,*'  etc.,  by  J.  W.  Spengel,  Fauna  and  Flora,  etc.,  1898.  "Die  Benennung  d. 
Bnteropneustengattungen,*'  by  same,  Zool.  Jahrb.,  System.  Ab.,  VoL  16,  p.  219,  1901. 
••Hemlcbordata,*'  Camb.  Nat  Hist,  1904. 
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Butory.—Tbm  group  was  first  formed  by  O^enbanr  in  1870,  who 
placed  it  among  the  worms.  When,  however,  the  fundamental  researcbes 
of  Rowalevsky  became  known  and  their  dgnifloance  appreciated  the 
relationship  of  the  gronp  to  the  Ttoticata  and  Ampkioxua  was  nnivenally 
recognized,  and  in  1884  it  was  brought  nnder  the  Chordata  by  Batesoo, 
who  at  the  same  time  proposed  the  name  Hemiehorda  for  it 

OBQHt  SALAKOOLOSBISA. 

Elongated,  worm-like  Enteropneusta,  which  are  often  common  on  sand 
flats.  The  proboacis  is  a  cyhndrical  or  ovoid  structure  joined  with  the  collar 
by  a  narrow  neck.  It  contains  a  portion  of  the  cmlom  which  opens  to  the 
outside  by  a  dorsal  pore  (5),  or  in  some  cases  by  two;  the  collar  also 
contains  two  similar  cavities,  each  with  its  pore.  The  trunk  has  an 
extensive  ccelom  in  the  form  of 
a  pair  of  elongated  cavities  be- 
tween whieh  lies  the  digestive 
tract  (9),  supported  by  a  dor- 
sal and  a  ventral  longitudinal 
mesentery.  This  tract  iastrai^t 
and  extends  from  the  month  at 
the  anterior  end  of  the  collar 
to  the  anns  at  the  hinder  end 
of  the  body:  from  its  anterior 
end  a  dorsal  finger-shaped  diverticulum  (13),  which  represents  the 
notochord,  extends  forwards  into  the  proboscis.  The  entire  anterior 
portion  of  the  intestinal  tract  is  placed  in  direct  commnnioation  with 
the  exterior  by  a  series  of  paired  gill  slits  (10),  back  of  which  in  certain 
genera  is  a  series  of  paired  liver  sacs  which  show  conspicuously  on  the 
outer  surface  of  the  body.  A  dorsal  (7)  and  a  ventral  (11)  blood  ves- 
sel accompanies  the  intestine,  the  former  of  which  passes  above  the 
notochord  and  ends  in  a  sinus  (4)  situated  in  the  collar  and  proboscis. 
The  nervous  system  is  mostly  sub-epithelial  and  difFuse.  Uid-dorsally  in 
the  collar  and  mid-ventrally  in  the  trunk,  however,  are  definite  H^rega- 
tione  of  nerve  cells  and  fibers  which  are  joined  by  a  ring  nerve  jast 
behind  the  collar.  The  portion  of  the  dorsal  strand  (6)  in  the  collar  is 
tnbniar  in  shape  and  distinct  from  the  outer  epithelium  and  arises  as  a 
nenral  canal,  like  the  central  nervous  ^stem  of  Tertcbrates:  in  certain 
genera  it  is  still  joined  with  the  outer  epithelium  by  a  series  of  median 
nerves  called  nerve  roots. 

The  sexes  are  separate,  the  gonads  appearing  as  paired  pouches  along 
the  branchial  region  and  back  of  i^  each  pouch  opening  to  the  outside 
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by  a  separate  pore.  The  sexes  often  differ  from  eaeli  other  in  eolor. 
The  development  is  a  metamorphosis^  the  eharaeteristie  larva,  vfaieh  is 
called  the  tomaria,  resembling  the  larvae  of  the  echinoderms  in  form 
and  struetnre.  This  larva  is  not  present,  however,  in  Bdlanoglosgmg 
aurantiacua,  one  of  the  most  familiar  American  forms. 

The  American  BdlanoglosHda  live  mostly  in  shallow  water,  in  the 
sand  and  mud,  in  which  they  burrow  with  aid  of  the  proboscis.  The 
animals  leave  a  coiled  mass  of  sand  held  together  by  mucous  on  the 
surface  of  the  sand,  which  indicates  the  presence  of  the  burrow;  they  also 
give  out  a  disagreeable  odor.  They  were  first  described  by  ESschscholtz  in 
1825,  who  put  them  in  the  genus  Ptychodera,  while  Delle  Chiaje  in  1829 
gave  them  the  generic  name  Balanoglosnis,  which  has  been  the  familiar 
name  of  the  animals  ever  since.  About  25  species  are  known,  whidi  are 
grouped  in  4  families. 

Key  to  the  American  families  of  BdlanoglosHda: 

Oi  liver  sacs  present 1. 

Oa  Liver  sacs  absent 2. 

Famxlt  1.    PTTGHODEBIDAK 

Paired  liver  sacs  present  behind  the  gill  slits;  ehitinous  rods  sup- 
porting the  gill  arches  joined  l^  connecting  bars  (qrnapticnla) ;  central 
nervous  system  with  nerve  roots:  3  genera. 

1.  Pttohodbsa  Eschscholtz.  Qill  openings  to  outside  are  long 
slits;  a  pair  of  longitudinal  dorsal  wing-like  lobes  (genital  wings) 
present  in  the  genital  region:  10  species. 

P.  biminienais  Willey.  Body  large  and  finger-thi^;  pxoboacis 
short:  Bahamas. 

2.  BALaHOOXOBSUB  Delle  Chiaje.  Oill  openings  to  outside  are  small 
pores;  proboscis  short,  with  paired  pores;  medial  gonads  present:  5 
species. 

B.  auraniiacua  (Oirard)  (B.  hrookaii  Bateson).  Length  15  em.  or 
more^  sometimes  a  meter;  color  bright  purplish  or  greenish:  North  and 
South  Carolina. 

B.  jamalcensis  Willey.  Body  large,  with  transverse  red  bands: 
Janiaiea. 

Faiolt  2.    HABRTMAWnDAR 

liver  sacs,  synapticula,  and  nerve  roots  absent:  2  genera. 
1.  DoLZCKOGLOsairs  Spengel.    Proboscis  long  and  with  but  one  poie; 
medial  gonads  absent:  5  species. 
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D.  kowalerskyi*  (A.  Agassiz)  (Fig.  997).  Length  15  em.  or  mora; 
eolor  of  proboseiB  pinkish-yellow;  collar  same  eolor  bat  darker;  body 
orange  yellow:  Massachusetts  Bay  to  Beaufort,  N.  C;  often  common 
on  dean  sand  flats. 

D.  pnsiUns  Bitter.  Length  20  cm.  or  more;  color  orange:  southern 
California. 

2.  Habsdeaiixa  Bitter.  Proboscis  short,  with  2 
pores:  1  species. 

H.  maculosa  Bit.  Length  10  cm.;  proboscis  13 
mm.,  collar  4  mm.,  abdomen  89  mm.  long;  color  dark 
grayish-green;  proboscis  mottled:  southern  Califor- 
nia; often  common. 

SUBPHYI.UM  2.    TTJNICATA.t 
(Ubochobbata.) 

Degenerate  Chordata  in  most  of  ^•npjS'l  ^V  Fig.  907— DoHofco- 
which  the  body  of  the  adult  is  more  tj^V^  ^Si^w}'''l^u^^ 
or    less    cylindrical    or   globukr    in      ^^/  iH^^fiv^m^^'''^ 

shape  and  is  encased  in  a  character- 
istic cuticular  covering  called  the  tunic  (Fig.  998,  7).  This  tunic  is 
secreted  by  the  underlying  epidermal  cells,  but  in  most  tunicates  differs 
from  a  typical  cuticula  in  that  it  is  composed  largely  of  cellulose  and 
contains  also  mesenchyme  cells,  which  have  migrated  into  it,  and  also 
blood  spaces.  Immediately  beneath  the  tunic  is  a  second  very  definite 
structure  called  the  mantle  (11),  which  is  b  firm,  composite  tissue  made 
up  of  connective  tissue  fibers  and  enclosing  muscles  and  blood  vessels. 
Very  characteristic  are  the  large  pharynx,  or  branchial  sac,  and  the 
endostyle.  The  former  (8)  is  the  anterior  portion  of  the  digestive  tract 
and  occupies  the  greater  portion  of  the  body.  The  mouth  leads  into  it, 
and  through  the  openings  in  its  walls  the  respiratory  water  streams 
either  directly  to  the  outside,  as  in  the  Larvacea,  or,  as  in  the  other 
tunicates,  into  the  large  doacal  or  peribranchial  space  (Fig.  999,10), 
which  communicates  with  the  outside  through  the  cloaeal  aperture.  The 
endostyle  (6)  is  a  glanduliar,  ciliated  groove  which  lies  in  the  mid-ventral 

*  See  "The  History  of  Balanoglossos  and  Tomarla,'*  by  A.  Agasala,  Mem.  Amer. 
Acad.  Arts  and  ScL,  Vol.  0,  p.  421, 1878. 

t  See  "Description  of  Some  Imperfectly  Known  and  New  Ascadlans  from  New 
England,"  by  A.  B.  Verrlll,  Am.  Jonr.  8cL  and  Arts,  3rd  ser..  Vol.  1,  1871.  "The 
Invert,  of  Vineyard  Sonnd,"  Rep.  of  U.  S.  Fish.  Com.,  1873.  "A  Revised  Class,  of 
Tnnlcata/*  by  W.  A.  Herdman,  Jonr.  Unn.  Soc.  Zool.,  Vol.  23,  p.  658,  1891. 
"Tnnlcata/*  by  O.  Seellger  and  R.  Hartmayer,  Bronn's  Klass.  n.  Ord.  des  Thlerr., 
1895-1911.  "The  Pelagic  Tnnlcata  of  the  San  Diego  Region,  excepting  the  Larracea," 
by  W.  B.  Rltter,  U.  of  Cal.  Pub.  ZooL,  VoL  2,  p.  51. 1905.  "The  Pelagic  Tnnlcata,'*  by 
W.  B.  Rltter  and  B.  8.  Byxbee,  Mem.  Mns.  Comp.  Zool.,  Vol.  26,  1906. 
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line  of  tlie  pharynx,  the  aeeretioiiB  of  irtiiah  serve  to  entangle  tha  minntc 
nrpatiamn  whlch  fonti  the  food  of  the  animalB,  aad  the  action  of  trtuaa 
eilia  carries  these  forward  to  the  ciliated  peripharyngeal  band    (Fig. 
998,6)   which  aurronnda  the  anterior  end  of  the  pbarynz.     This  band 
passes  tha  food  dorsally  to  the  dorsal  bamina  (9),  a  dliated  band  in  the 
mid-dorsal  line,  along  which  it  is  car- 
ried to  the  opening  of  the  ceat^thagos 
at  the  inner  end  of  the  pharynx.    The 
short    ceaopbagns   joins    the    pharynx 
with  the  stomach  (15),  from  whish  the 
intestine   posses   to  the  anal   opening 
into  the  clo&cal  space. 

The  heart  (12)  is  ventral  in  posi- 
tion  and  lies  in  a  perieardial  space, 
which  alone  represents  ,the  only  part 
of  the  coelom  in  the  adnlt.    The  con- 
tractions of  the   heart   change   tbeir 
direction  regularly,  passing  first  for  a 
time  from  one  end  of  the  heart  to  the 
other  and  then  after  a  moment  of  rest 
in  the  opposite  direction,  a  peenli&rity 
which  oecnrs  only  in  tunieatea.     The 
blood  circolates  mainly  in  spaces  in  the 
mantle  and  the  tonic  and  in  the  walls 
of  the  branchial  sac    The  nervous  sys- 
tem oonsists,  first,  of  a  simple  dorsal  ganglion  (4)  which  lies  in  the 
mantle  near  the  mouth,  and,  second,  of  nerves  which  radiate  tcota  it 
Simple  eyes  and  tactile  organs  are  present  in  many  species.    Tnnieate* 
are  mostly  hermaphroditic,  the  gonads  being 
either  single  or  paired  and  the  genital  dncts 
openii^  into  the  cloaeal  chamber.    Asexual 
reproduction  is  very  general,  and  in  many 
species  may  lead  to  the  formation  of  colo- 
nies.    The  adult  structure  of  the  Lanacea 
as  well  as  the  embryonic  and  larval  structure 
of  the  Atddiacea  present  many  points  of 
resemblance  to  Amphioxm   and   the  lower 
vertebrates,  indicating  a  relationship  between 
these  animals  and  tnnicates.     This  resem- 
blance consists  in  the  main  in  the  presence  of 
a  tubular,  dorsal  central  nervous  system,  a  notochord,  a  ventnl  heart, 
and  the  pharyngsal  respiration. 


aidSkn  (Boa* J. 
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Siirtory.— Aaddiaiu  have  been  known  smee  the  time  of  AnaUitl«, 
but  it  was  not  nntil  the  fint  years  of  the  last  ceutnry  that  Cnvier,  Savigny, 
mad  Ijunarek  flnt  seenrately  described  them.  The  name  TWteota  vaa 
introdneed  by  the  latter  author  in  1816.  Balpa  was  flnt  deaeribed  bj 
FoTskal  in  1776,  and  in  1619  its  interesting  life  bistoir  was  flnt  made 
known  t^  the  Oennan  poet  Chamisso.  Steenstmp  in  18^  mora  fnlly 
described  this  and  flnt  ealled  it  an  alternation  of  generations.  It  was 
in  1826  that  Milne-Edwards  discovered  and  correctly  interpreted  the 
asoidian  tadpole,  while  Kowsleviky  in  1866  and  1871  published  his  eele- 
biated  memoin  ^ving  the  oomplete  embryology  of  the  ^Tiimala  gnd  dem- 
onstrating the  eommon  relationship  of  tnnieates  and  vertebrates.  Up  to 
that  time  the  tnnicates  were  almost  universally  elassifled  with  mollnsks. 
Milne-Bjdwards  had,  however,  in  1841  placed  them  in  the  Molliucoidta, 
a  phylum  he  created  to  contain  them  and  the  BryoMoa. 

Tumeates  are  all  marine  animals,  the  aseidiona  being  sessile  and  the 
others  pelagic  The  number  of  species  is  about  1,300,  which  are  grouped 
in  3  elaases. 

Key  to  the  classes  of  Ttmkata: 
•i  Pelsfic  animal*. 
b,  Animals  minute  and  with  a 

lone  tail I.  Labvaou 

fti  Animals  not  minute,  and  more 
or  less  cylindrical  or  flat- 
tened   .2.  Thaluoea 

«,  Sessile  (except  tlie  Pyrotomi- 
4a«)i  safrshaped  animals.. 


Cussl.    LASTAOEA.* 

The  appendieulariauB  (Fig. 
1,000).  llinnte,  transparent, 
free-swimming  tnnicates  in  which 
the  body  ooosiBts  ffif  a  tmnk  (2) 
and  a  long  tail  (10),  having  es- 
sentially the  same  oi^niEstion 
as  the  larval  ascidian.  The  trunk  s^'SaV"'*"  i^"* 
contains  the  large  pbarynz  and 
the  viscera.    The  taU  U  a  solid     «'">«^'e- 

stmcture,  the  axis  of  which  is  tbe  notochord  (11) ;  dorsal  to  this 
structure  is  tbe  principal  nerve  (12)  and  on  each  side  of  it  a  broad 
muscle  band.    The  tail  is  twisted  90°,  so  that  its  donal  side  lies  at  tbe 


Vi%.  1,000— tMuram  of  an  apiMBineii- 
larlan  ipikoplettra)  (Dplage  «t  Hlronard). 
1,  month  1  2,  troDk;  S,  pbArjni ;  4,  •nu; 
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left  and  its  ventral  side  at  the  right.  The  mouth  (1)  is  at  the  forward 
end  and  opens  into  the  pharynx  (3),  from  which  the  two  ventro-lateral 
stigmata-  (5)  open  directly  to  the  outside  back  of  the  anus,  there  being 
no  peribranchial  cavity  and  no  cloaeal  pore.  Most  species  are  her- 
maphroditic, the  gonads  lying  in  the  hinder  part 
of  the  trunk.  The  tunic  or  ''house''  is  a  trans- 
parent envelope  of  large  size,  being  sometimes 
many  times  the  size  of  the  body,  which  is  secreted 
by  certain  large  ectoderm  cells  called  oikoplasts. 
Within  this  tunic  (Fig.  1,001)  the  animal  can  move 
about  freely :  it  is  shed  periodically  and  often,  and 

.,^«  .i»001— App«i-      contains  no  cellulose, 
dlcularians   In    tbeir 

^"i^cB   (Deiagc  a^  The  appendiculanans  are  found  in  all  seas, 

A^^^diSulMialHouSa     ^^S  ustially  more  numerous  at  a  distance  from 

the  continents.  Most  species  live  near  the  surface, 
but  a  few  have  been  obtained  at  considerable  depths. 

The  class  contains  2  families  and  more  than  40  species. 

Key  to  the  families  of  Larvttcea: 

Oi  Endostyle  present 1.  AFncRDicxJLAKiiDAB 

a,  Bndostyle  absent 2.  Kowalevskudas 

Tamily  1.    APPENDICULABIIDAB. 

Phaiynz  with  endostyle,  from  the  forward  end  of  which  peripharyn- 
geal ridges  run  dorsally  and  posteriorly  and  unite  near  the  CGsophageal 
opening^  heart  present:  8  genera  and  over  30  species. 

Key  to  the  genera  of  AppendicularUdae  here  described: 

Oi  Tnmk  short  and  more  or  less  oval. 

hi  Tail  about  twice  as  long  as  trunk. 1.  Apfkxvbiculasia 

5,  Tail  several  times  as  long  as  trunk 2.  OiKonjEuaa 

Oa  Trunk  very  long 3.  Fbi^ 


1.  ApPEHDioirxJL&iA  FoL  Trunk  short,  compressed  anteriorly;  tail  2  or 
3  times  as  long  as  broad  and  twice  as  long  as  the  trunk ;  endostyle  straight 
or  slightly  curved;  intestine  turned  to  the  right  and  bent  round  the  very 
large  vesicular  rectum;  anus  on  the  right;  ovary  round,  surrounded  by  . 
the  horseshoe-shaped  testis :  1  certain  and  several  uncertain  species. 

A.8iculaFol.    (Fig.l,001,B).   Mediterranean  Sea  and  Atlantic  Ooean. 
A.  longicauida  Vogt.    Long  Island  Sound  to  Massachusetts  Bay. 

2.  OixoFLElTBA  Mertens  (Fig.  1,000).  Trunk  oval;  tail  from  2  to 
6  times  as  long  as  broad  and  from  2  to  4  times  as  long  as  the  trunk; 
digestive  tract  very  large,  with  a  curved  oesophagus  and  a  bilobed  stom- 
ach; gonads  very  large;  testis  usually  paired  and  one  on  each  side  of 
the  median  ovary:  14  species. 
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O.  flabelliim  Huxley  (0.  huxkyi  Ritter).  Length  np  to  12  mm.,  of 
which  10  mm.  is  tail:  Paciflo  and  Atlantic  Oceans. 

O.  oophoderca  G^enbauer  (Fig.  1,001,  A).  Lei^^h  11  mm.,  of 
vhioh  8  mm.  is  tail;  a  long  double  row  of  cells  on  r^ht  side  of  tail: 
Mediterranean  Sea. 

8.  FaimtLUOA  Fol.  Tmnk  very  long,  nsnally  constricted  near  the 
middle  and  with  an  extensive  dorsal  ectodermal  fold  which  covers  it 
Uka  a  cowl;  tail  about  1.5  times  as  long  as  the  tmnk  and  2.5  timw  as 


FlK- 1,002  Fig.  i,oos 

Fls.  1,002— FritUiarla  /nrvata  (Fol).    SxplinatlonB  m  In  Fig.  1,000, 
Fig.  1,008 — Ktmalmikia  tmtuit  (Fol). 

long  as  broad;  endostyle  bent;  tunic  absent  or  not  well  developed; 
digestive  tract  small,  confined  to  the  middle  of  the  tmnk;  ovary  spher- 
ieal,  testis  large  and  saccular,  in  binder  part  of  tmnk,  both  nsnally 
single:  about  8  species. 

F.  fnrcata  (Togt)  (Fig.  1,002).  With  long  postorior  processes; 
tail  forked  at  its  extremity:  Uediterranean  Sea;  North  Atlantic. 

Fault  2.    EOWALBTBEIIDAE. 

Pharynx  without  endostyle  and  peripbTyDgeal  ridges;  heart  absent; 
1  genns  and  2  q}eeie&. 

KovALmsu  Fol.  Tmnk  elongate,  cylindrical;  tail  about  7  times 
as  long  as  trunk  and  lanceolate,  running  to  a  point  behind;  tunic  very 
thin  and  delicate;  cesopbagos  very  wide;  ovary  spherical;  testes  reni- 
form:  2  species. 

K.  tennis  Fol,  (Fig,  1,003).    Mediterranean  Sea  and  Atlantie  Oeean. 
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Class  2.    THALDLOEA. 

The  salpas  (Fig.  1,004).  Pelagic,  transparent  tnnieatesy  mare  or 
less  eylindrical  in  ahape,  with  a  laige  oral  opening  (1)  at  one  end  of 
the  body  and  a  cloacal  opening  (12)  at  the  other.  The  body  wall  eon- 
eists  of  a  cellulose  tnnio  (4)  and  a  mantle,  the  latter  containing  a 
number  of  conspicuous,  more  or  less  ring-shaped  muscle  bands  (11),  by 
the  contraction  of  which  water  is  expelled  from  the  cloacal  opening  as 
the  animal  moves  forwards.    The  cavity  of  the  body  is  divided  by  a 

respiratory  parti- 

J^    ^<  ^      ^^^^   ^^^  containing 

f'^'^S  ^^jj^g^^y^^  "^  T^^^^"^^^  slits    or    stigmata 

{DoUolum)    or  em- 

sisting  simply  of  a 

ciliated  bar  {Salpa)^ 

L  into  two  ehambers, 

Fig.  1,004— Dlajmim  of  a  salpa   (Cambridge  Natural  *^®    anterior    or 

History).    1.  mouth;  2,  brain;  d,  respiratory  partition;  ntiAiimffnal    ff>\    mw%A 

4,  test;   6,  pWynx:   6.endo8tyle;   7.  heart;   srnucleus;  Pharyngeal    (5)    and 

9,  cloacal  cavity ;  10,  ovary ;  11,  muscle  bands ;  12,  cloa-  fu^  nnofAmni-  av  «1a. 

cal  opening ;  13,  peripharyngeal  ridge ;  14,  dorsal  lamina ;  *"®  posterior  or  CIO- 

15,  salpa  diain.  ^^^  (g)^  through 

which  the  water  streams.  Endostyle  (6)  and  dorsal  lamina  (14)  are 
present.  The  principal  viscera  lie  embedded  in  the  mantle  on  the  ventral 
side  of  the  body  (8),  forming  there  in  many  species  a  small,  compact, 
usually  highly  colored  mass  called  the  nucleus.  The  principal  ganglion 
(2)  lies  in  the  dorsal  wall  of  the  pharyngeal  chamber.  Immediately 
above  it  in  Salpa  is  a  simple  eye.  Beneath  the  ganglion  is  a  subneural 
gland. 

The  ThaUacea  have  what  is  usually  called  an  alternation  of  genera- 
tions, a  solitary  generation  alternating  with  an  aggregated  one,  altfaou^^ 
in  Salpa  lat  least  it  is  not  strictly  so.  In  the  solitary  form  of  Salpa  a 
ventral,  posterior  stolon  arises,  on  which  buds  appear  which  are  destined 
to  become  the  aggregated  generation.  Near  the  base  of  the  stolon  the 
solitary  individual  beara  a  mass  of  germ  cells,  some  of  which  are  received 
by  the  buds  as  they  arise.  Thus  the  buds,  and  the  animals  of  the  aggre- 
gated generation  they  grow  into,  serve  merely  as  nurses  for  the  embiyos 
arising  from  these  germs  which  have  been  received  tram  the  solitary 
individual  The  aggregated  individuals  form  the  Salpa  chain  and  often 
remain  attached  together  long  after  they  huve  left  the  parent  The  class 
contains  about  40  species,  grouped  in  2  orders. 

Key  to  the  orders  of  Thaliacea: 

Oi  Respiratory  partition  plate-like 1.  Multistioiiatba 

o,  Respiratory  partition  rod-like.  ....,..«••, ,..,..,.,.  .2.  AffsjauAXEk 
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Ordkb  1.    KULTISTIOHATEA.* 

Body  barrel-shaped,  with  a  thin  tunic  and  with  muscle  bands  form- 
ing  complete  rings;  openings  lobed  and  at  opposite  ends  of  the  body; 
respiratory  partition  with  2  rows  of  stigmata;  life  history  including  3 
types  of  asezuaUy  produced  individuals  and  a  fourth  type  arising  from 
a  fertilized  egg:  3  genera. 

DOKZOLVV  Quoy  and  Gaimard.  Sexual  generation  with  8  muscle 
bands  and  with  12  oral  and  10  doacal  lobes;  first  asexual  generation, 
with  0  muscle  bands  and  10  oral  and  12  doacal  lobes.  From  the  hinder 
end  of  this  individual  grow  a  dorsal  protuberance  and  a  ventral  stolon; 
the  buds,  originating  on  the  latter,  migrate  to  the  former,  which  be- 
eomes  long  and  tail-like  and  bears  5  rows  of  buds,  of  which  the  median 
row  becomes  detached  to  fonn  the  next  asexual  generation.  The  animals 
of  this  generation  are  similar  to  the  sexual  generation  except  that  they 
have  no  sexual  organs  and  have  a  ventral  stolon  which  produces  buds 
which  become  detached  and  grow  into  the  sexual  generation.  About  13 
Bpedes  are  known,  mostly  in  the  warmer  oceans. 

D.  dantlcnlatum  Quoy  and  Qaim.  Sexual  generation  with  a  bent 
respiratory  partition  which  has  about  40  stigmata  on  each  side;  digestive 
eanal  straight;  length  3  mm.:  Atlantic  Ocean  and  Mediterranean  Sea. 


Obdeb  2.    A8TI01IATEA.t 

Body  usually  somewhat  flattened  dorsoventrally,  with  terminal  or 
sabterminal  oral  and  doacal  openings;  tunic  thick;  muscle  bands  do 
not  fonn  complete  rings  in  many  species;  respiratory  partition  reduced 
to  a  ciliated  bar  which  runs  diagonally  from  the  dorsal  body  wall  to  the 
OBSophagus  in  the  ventral;  life  history  including  2  t3rpes  of  individuals, 
a  solitary  and  an  aggregated,  which  alternate  with  each  other:  2  genera 
and  about  25  species. 

Key  to  the  genera  of  Astigmatea: 

«i  Nncleus  asually  present,  when  absent  muscle  bands  numerous;  salpa 

chain  straight 1.  Salpa 

•a  No  nucleus  present ;  salpa  chain  often  circular 2.  Ctclosalpa 

1.  Salpa  Forskal.  Digestive  tube  usually  bent  on  itself  and  con- 
tained in  the  nucleus;  1  to  6  embryos  formed;  chain  double:  about  18 
species;  in  all  the  warmer  seas. 

*  See  "Cydomyarla  et  Pyrosomida,'*  by  O.  Neimiann,  Das  Tierreich,  1013. 
t  See  "The  Genua  Salpa/'  by  W.  K.  Brooks  and  M.  M.  Metcalf,  Mem.  Johns  Hopi 
Vtly^  Vol  2, 1898.    "Desmomyaria,"  by  J.  B.  W.  Ihle,  Das  Tlerrelch,  1012. 
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8.  fodfonab  Cnner  (Fig.  1,006).  SolitRiy  torn  {B.  fMfiformm 
Cuv.)  a  flattened  cylinder  and  with 
9  muscle  bands  and  2  short  spinoae 
projections  at  hinder  end  and  4  to  8 
om.  long;  aggr%at«d  form  (S.  mn- 
cmata  Chamisso)  with  6  mnsela 
bands,  elliptical  and  14  to  60  nun. 
long:  cosmopolitan. 

8.    {Tkaiia  BInmenbaeh)   daaa- 
t  eratica  Forsk.    (Salpa  coboct  Desor) 

(Fig.  l,00fl).  Solitary  form  (& 
democratica  Forsk.)  ovoid,  with  2 
long  postwioT  projections  and  up  to 
24  mm.  long;  aggregated  form  (S. 


Brtdge  Nator^Htatorj).  Bipiiiuttou     hind  and  np  to  15  mm-  long;  nnelens 
blue  in  both  forms:  eosmopolitan; 
often  appearing  in  immense  numbers  off  the  coast  of  New  England; 
the  commonest  species. 

S.  {Pegea  Savigny)  eonfodarat*  Forak.  Soli- 
tary form  short  and  wide,  pointed  behind;  4 
muscles,  which  are  confined  to  the  back;  length  4 
to  12  cm.;  aggregate  form  (S.  teutigera  Cnv.) 
eylindrical,  of  ten  reddish  in  color,  with  4muBoleB; 
length  7  to  15  cm. :  cosmopolitan ;  aggregate  form 
often  common ;  solitary  form  very  rare. 

8.  (Jiuu  Lahille)  lonarla  (Pallas).  Solitary 
form  elongate,  very  firm  and  hard,  with  5  very 
broad  mnscles  and  1  narrower  posterior  muscle 
on  the  dorsal  surface,  and  up  to  6  cm.  long;  ag- 
gregate form  elongate,  ovoid,  pointed  behind, 
about  24  mm.  long;  yery  firm:  in  all  warmer 
seas;  Woods  Hole;  Arctic  Seas. 

8.  OtoumulfA  Blainville.  Digestive  tube 
straight    or   curved,    running    antero-posteriorly 

and  not  eoiled  up  to  form  a  nucleus ;  salpa  chain  ''  pig.  i,oo«~-«alpa  4» 
often  circular;  in  other  respects  like  Salpa:  6  (vSjtMdJiuig^'&SS 
Bpecies.  n.Sn.«.irKi.I.«4: 

0,  afflnlfl  (Chamisso).  Aggregated  form  about  7  cm.  long,  with  ventnU 
hatchet-shaped  organ  of  attachment ;  apertures  terminal ;  solitary  form  5 
to  10  cm.  long,  with  no  lon^tadinal  muscles:  If editerraneao ;  Atlautie 
and  Pacific  Oceans;  often  yery  plentiful. 
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Class  3.    ASOIDIAOEA.* 

The  aseidians.  Sac-shaped,  mostly  sessile  and  either  simple  or  com- 
pound timicates  with  oral  and  doacal  openings  usually  placed  near  to- 
gether, each  at  the  end  of  a  contractile  projection  called  the  siphon  (Fig. 
998).  The  cellulose  tunic  is  usually  thick  and  tough,  but  in  some  forma 
it  is  gelatinous  or  transparent,  and  is  often  rough  and  wartf  on  the 
outside.  Both  openings  can  be  closed  by  sphincter  muscles  and  are  often 
provided  with  a  number  of  sensory  lobes  bearing  in  some  cases  pigment 
spots.  The  branchial  sac  (8)  is  very  large  and  its  entire  wall  is  pierced 
•by  more  or  less  regullu*  series  of  slits  or  stigmata,  giving  it  a  lattice-like 
appearance.  Its  upper  margin  is  surrounded  by  a  circle  of  tentacles^ 
which  thus  lie  just  black  of  the  mouth.  Endostyle  (6),  peribranchial 
band  (5),  and  dorsal  lamina  (9)  are  present.  On  each  side  of  the 
branchial  sac  is  the  peribiianchial  space,  into  which  the  respiratory  water 
as  well  as  the  discharges  from  the  genital  and  digestive  organs  are 
poured,  and  which  communicates  with  the  outside  through  the  cloaca! 
opening  (Fig.  999,10).  The  oesophagus,  stomach,  and  the  short  intestine 
are  either  at  the  side  of  or  beneath  the  branchial  sac.  The  anus  opens 
into  the  peribranchial  chamber  near  the  cloaca  or  into  the  cloaca  itself. 
The  principal  ganglion  (4)  is  situated  between  the  two  siphons  in  the 
mantle  and  adjacent  to  it  is  the  subneural  gland  (3),  which  is  supposed 
to  be  homologous  to  tiie  hypophysis  of  vertebrates.  A  duct  joins  this 
gland  with  the  pharynx,  the  opening  being  at  the  end  of  a  projection 
called  the  dorsal  tubercle.  A  ductless  kidney  or  scattered  renal  cells  in 
the  bend  of  the  intestine  contain  uric  acid  crystals. 

Aseidians  are  hermaphroditic,  the  gonads  lying  close  together.  From 
the  egg  is  hatched  a  long-tailed  larva  which  has  the  appearance  and  gen!)> 
eral  structure  of  an  appendicularian.  This  larva  attaches  itself  to  some 
fixed  object  by  three  papillae  at  the  forward  end,  and  a-' Complex  meta- 
morphosis proceeds,  during  which  the  tail  is  absorbed, .  the  peribranchial 
chamber  develops,  and  the  body  assimies  the  spherical  or  cylindrical  shape 
of  the  adult. 

Aseidians  are  either  simple  or  colonial  and  with  the  exception  of  the 
Pyrosomidae  are  all  sessile,  being  attached  usually  to  rocks  or  seaweed: 
The  colonial  forms  arise  by  a  process  of  budding  from  one  another  and 
form  incrusting  or  erect  masses  on  shells,  seaweed,  etc.  Several  si)ecie8 
are  used  for  food,  large  numbers  being  brought  into  the  fish  markets  of 

•  Bee  "Some  AsddlanB  from  Paget  Sound,*'  by  W.  B.  Ritter,  Ann.  N.  T.  Acad.  8d., 
Vol.  12,  p.  589,  1909.  "The  Aseidians  of  Bermuda/'  by  W.  O.  Van  Name,  Trans. 
Conn.  Acad.,  YoL  11,  p.  826,  1902.  "Mosaic  Development  in  Ascidlan  Eggs,"  1^ 
B.  6.  Conklin,  Jonr.  Bx.  Zool.,  II,  p.  145,  1905.  "The  Simple  Asddiann  from  the 
North  Eastern  Padflc,"  etc.,  by  W.  B.  Bitter,  Proc  U.  8.  Nat  Mas.,  Vol.  40, 
p.  427, 1918. 
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ManieilleB  and  other  Mediterranean  cities.    Over  1|200  species  of  aacidians 
are  known,  grouped  in  2  or  3  orders. 
Key  to  the  orders  of  Aacidiaeea: 

Cg  Sessile  aacidians. 
Ii  Siflnple  ssctdlsns,  or  forms  loosely  connected  by  a  stolon. 

1.  ASOIDIAS  BSUFUCBB 

I9  Golonlal  aacidians*  forming  compact  masses 2.  AscmiAB  ooMPoairAK 

Sa  Pelagic  aacidians 3.  Abcsdjam  ixjcmam 

Qbdbb  1.    ASOXDIAE  SIMPLIOES.* 

Bolitaiy  aseidianay  or  when  colonial  always  loosely  connected  and 
with  the  tunica  separate  and  distinct,  and  not  fused  together;  never  free- 
swinuuing:  about  4  families  and  over  500  species. 

Key  to  the  families  of  Atddiae  nmplices: 

Oi  Indivlduala  not  permanently  Joined  together. 
hg  Body  more  or  less  spherical  and  often  stalked. 

Cg  Colors  dull ;  surface  often  incmsted  with  sand 1.  MououuDtAS 

Sb  Colors  often  bright,  surface  usually  free  from  sand 2.  Cyiituiuias 

hg  Body  cylindrical,  elongate  and  not  stalked 3.  AjscmnDAB 

«9  Individuala  Joined  by  creeping  stolons 4.  CLavmnmaB 

Fauxly  1.    MOLGULIDAE. 

Body  spheroidal,  seldom  stalked,  with  dull,  usually  gray  colors  and 
often  incrusted  with  sand  or  mud;  mouth  with  6  outer  lobes  and  with 
branched  inner  tentacles;  cloaca  with  4  lobes;  intestine  usually  on  the 
left;  kidney  and  heart  on  the  right  side  of  the  branchial  sac;  reproductive 
organs  either  paired  or  not,  in  latter  case  either  on  right  or  left  side; 
animals  solitary,  often  in  sand  or  mud:  about  14  genera  and  over  100 
apeeiea. 

Key  to  the  genera  of  MolguUdae  here  described : 

#1  Body  not  stalked. 

ig  Brandiial  sac  with  longitudinal  bara 1.  Moloitla 

hg  No  such  bars. 

0i  No  corkscrew-shjaped  infnndibula  on  branchial  sac 2.  Buona 

Ca  Such  infundibula  present • 8.  BosTBiCH<»BUtCHU8 

Sa  Body  atalked •••••••••••••••.4.  RHizoM0ELOi7i.a 


1.  MffMVLk  Forbes.  Siphons  usually  long  and  very 
tunic  thin  and  more  or  less  transparent,  although  often  incrusted  with 
sand  and  dirt;  gonads  paired  and  usually  hermaphroditic;  branchial  saa 
large,  with  6  or  7  longitudinal  folds  or  bars:  cosmopolitan;  50  or  mora 
species,  some  of  which  are  not  fixed,  10 


•  flee  "Simple  AeddUns  of  the  Coast  of  New  BngUnd,**  etc.,  by  W.  Yen  Naasb 
Pioe.  Boet.  80c.  Nat.  Hist.,  Vol.  84, 1012. 


/»• 


V 


TVmCATA  665 

Key  to  the  species  of  Molgula  here  described: 

Og  Siphons  contiguous  at  the  base. 

hx  Siphons  not  swollen  at  the  base •••••  .M.  icanhattbnbis 

&t  Siphons  swollen  at  the  base. . . .  ^ M.  fkllucxda 

Os  Siphons  not  contiguous. 

hi  Siphons  short • M.  abenata 

ht  Siphons  long M.  pafillosa 

M.  maahattensii  (DeKay)  (Fig.  1,007).  Body  globose  or  ovoid; 
external  surface  cormgatedy  asaally  covered  with  foreign  matter; 
siphons  contiguous;  length  25  mm.:  on  rocks  or  eel  grass, 
often  in  dusters,  in  shallow  water  below  low  tide  lines; 
from  North  Carolina  to  Casco  Bay;  abundant. 

M.   arenata   Stimpson.     Body  globose,   often   com- 
pressed, covered  with  sand  which  adheres  tightly;  siphons      \|i^v^J^ 
short,  not  contiguous ;  length  20  mm. :  on  sand  and  gravel        v\s,  i,007 
in  shallow  water;  in  Long  Island  and  Vineyard  Sounds.     wKtnhJSitnHt 

M.  peUudda  Verrill.    Body  globose,  with  a  smooth,        <V«^")- 
translucent  tunic  to  which  sand  does  not  adhere;  siphons  contiguous, 
long  and  diverging  and  swollen  at  the  base;  length  25  mm.:  on  sand  in 
shallow  water  from  North  Carolina  to  Massachusetts  Bay. 

IL  papillosa  Verr.  Body  globose,  often  eompressed,  covered  with 
sand  or  dirt;  siphons  not  contiguous,  long,  and  diverging;  length  10 
mm.:  on  sand  and  gravel  in  10  to  20  fathoms;  from  Vineyard  Sound 
northwards;  common  towards  the  north. 

2.  EV0TS4  Alder  and  Hancock.  Branchial  sac  without  longitu- 
dinal bars;  a  single  hermaphroditic  gonad  present,  which  is  on  the  left 
in  the  bend  of  the  intestine :  8  species ;  in  shallow  water. 

E.  pilularis  Verr.  (Fig.  1,008).    Body  globose,  covered  with  mud 
or  fine  sand;  siphons  close  together,  slender,  and  as  long  as  the  body 
^4  A  when  extended;  diameter  up  to  8  mm.:  in  10  to  20  fathoms 

from  Vineyard  Sound  northwards,  in  mud  or  fine  sand. 


where  it  is  locomotory;  often  abundant. 
l<^^  ^  BoBTBiOKOBEAVOHUS  Traustedt.    like  Eugyra  but 

with  corkscrew-shaped  infundibula  in  the  meshes  of  the 
VUf.  1,008      branchial  sac :  2  species. 

9ihSSfi9  B.  molguloides  Metcalf.    Body  3  cm.  in  diameter  and 

not  attached:  Woods  Hole;  on  muddy  bottoms. 

4.  Rhizoxomvla  Ritter.    Body  ovoid,  prolonged  posteriorly  in  a 

stalk  which  may  be  as  long  as  or  longer  than  the  body  and  ends  in  a 

number  of  root-like  branches;  kidney  and  the  single  gonads  on  the  left 

side:  4  species;  in  North  Pacific  and  Atlantic  Oceans. 

R.  rittexl  Hartmeyer.    Body  globose,  wider  than  long,  8  mm.  long 
with  a  stalk  of  same  length :  BaflOn  Bay;  in  shallow  water. 
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Family  2.    CYNTHTTDAE, 

Body  always  attached,  spherical  or  elongate,  with  a  tough  leathery 
tonic  which  is  opaqne,  often  brightly  colored,  and  usually  not  covered 
with  sand;  siphons  short  and  usually  four-lobed;  inner  tentacles  either 
simple  or  branched;  branchial  sac  large,  with  4  or  more  longitudinal 
folds  or  bars  on  each  side;  intestine  on  the  left  side;  distinct  kidney 
absent,  its  place  taken  by  scattered  renal  cells;  gonads  hermaphroditic: 
several  hundred  species. 

Key  to  the  genera  of  Cynthiidae  here  described: 

Oi  Body  not  stalked  or  with  a  short  stalk. 

5t  Oral  tentacles  simple  and  filiform 1.  Sttela 

5a  Oral  tentacles  branched 2.  Gxmtuia 

Oa  Body  with  a  long  stalk 3.  Bolienia 

1.  Styela  Fleming.  Body  sessile;  branchial  sac  with  not  more 
than  4  ridges  on  each  side;  tentacles  simple  and  filiform:  cosmopolitan; 
over  75  species. 

8.  partita  (Stimpson)  {8.  aggregata  var.  americana  MIetcalf )  (Fig. 
1,009).    Body  somewhat  flattened  and  attached  by  a  broad  base;  surface 

not   sulcated,   hard,  'wrinkled,   dark   brown   in 

^...^^^  color;  siphons  square,  elevated,  each  aperture 

;>*%*■;(.-',:!  j^^       marked  by  alternating  triangles  of  white  and 

purple;  length  25  mm.;  breadth  12  mm.:  Mas- 
Fig.  1,009—Styaa  partita     sachusetts  Bay  to  North  Carolina ;  in  shallow 
(Verrlll).  .  ''  .        .  ' 

water;  common,  occurrmg  m  groups. 

2.  0 YVTHXA  Savigny.  Body  sometimes  with  a  short  stalk ;  branchial 
sac  with  6  to  12  longitudinal  ridges  on  each  side;  dorsal  lamina  a  ser- 
rate or  fringed  membrane;  tentacles  branched;  gonad  paired:  100 
species. 

0.  caataneiformis  Drasche.  Peduncle  about  as  long  as  body  but 
variable  in  length;  body  more  or  less  globose  in  form  and  hirsute; 
orifices  prominent;  tentacles  50;  branchial 
ridges  8  on  a  side;  length  35  mm.:  Puget 
Sound  and  southerly;  common. 

0.  camea  Verrill  (Fig.  1,010).  Body  flat 


and  disc-like,  oval,  and  deep  red  in  color,  at-       '^^  ^*^^?^^^%if** 

f ached  by  a  very  broad  base;  siphons  small; 

length  12  mm.:  Martha's  Vineyard  to  Labrador;  in  shallow  water;  often 

very  common. 

0.  psrriformls  (Rathke).  Sea  peach.  Body  globose  or  elliptieal, 
often  attached  by  a  narrow  base;  surface  velvety  and  pink,  red,  or 
yellowish  in  color;  length  75  mm.  or  less;  width  30  mm.;  siphons  ^liii- 
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drieali  large,  and  prominent:  MassaehnsettB  Bay  to  Greenland,  in  dear* 
shallow  water;  common  towards  the  north;  Norway. 

0.  snperba  Bitter.  Body  large,  bright  red  in  color,  pear-shaped, 
with  the  broad  end  at  the  base,  15  cm.  long  and  6.5  cm.  thick;  siphons 
prominent,  not  contigaous:  Pnget  Sound;  rare. 

0.  {Hdlocynthia  Verr.)  echinata  (L.).  Body  globose;  surface 
wrinkled,  covered  with  fine  fibers  and  elevated  tubercles,  each  bearing 
a  stellate  cluster  of  about  6  yellow  bristles;  diameter  25 
mm.;  color  red:  Martha's  Vineyavd  to  Greenland;  in 
shallow  water;  common  towards  the  north;  Eurc^. 

3.  BoLTEVXA  Savigny.  Body  globose  or  elliptical  and 
attached  by  a  long  stalk  which  proceeds  from  the  antero- 
ventral  side  of  the  body;  orifices  not  terminal  but  lateral 
in  position,  each  being  provided  with  4  lobes;  oral  ten- 
tacles branched;  more  than  8  longitudinal  ridges  in 
branchial  sac:  about  a  dozen  species;  in  the  colder  seas. 

B.  rubra  Stimpson.  Sea  potato  (Fig.  1,011).  Body 
slightly  compressed  and  tapering  to  the  slender  stem; 
color  red ;  surface  rough;  length  of  body  4  cm.,  of  stem  26 
em.:  Cape  Cod  northwards,  in  2  to  14  fathoms;  abundant. 


Faiolt  3.    ASdDIIDAE. 


Fig.  1.011 

BolteniaruJtra 

(Goald). 


Body  more  or  less  cylindrical,  with   a  gelatinous, 
transparent  tunic;  openings  lobed;  oral  tenjtacles  simple; 
branchial  sac  without  well-developed  longitudinal  bars;  gonads  her- 
maphroditic and  unpaired:  species  numerous;  about  10  genera. 

1.  AaoiDlA  L.  Body  elongate;  branchial  sac  extending  to  the  bate 
with  the  intestine  on  its  left  side;  oral  opening  with  8  and  doacal 
opening  with  6  lobes:  numerous  species. 

A.  atra  Lesueur  (A.  nigra  Savigny).  Body  ovate, 
elongate,  with  abundant  blue-black  pigment  in  the  tunic 
and  many  internal  organs;  length  7  cm.;  diameter 
3  cm.:  Bermuda;  West  Indies. 

2.  OiovA  Savigny.    Body  cylindrical  and  elongate; 
siphons  more  or  less  extended,  oral  siphon  with  8  and 
doacal  siphon  with  6  lobes;  intestine  beneath  the  bran- 
chial sac,  which  does  not  extend  to  the  base :  10  species. 
0.  intestinalis  (L.)  {C.  tenella  Stimpson)  (Fig.  1,012).    Body  more 
or  less  transparent,  10  cm.  long  or  less  and  20  mm.  wide,  adhering  by  the 
base,  sometimes  yellowish  in  color:  Long  Island  Sound  to  Labrador,  on 
stones,  shells,  etc. ;  common  towards  the  north. 


Flff.  1,012 

dona  inteBtinaUB 

(Gould). 
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Familt  4.    GLAVELIN£DA£; 

Body  elongated  and  joined  by  means  of  creeping  stolons  with  other 
individuals,  forming  thus  a  branched  eolony  with  a  common  blood 
system,  or  rarely  embedded  in  a  common  gelatinous  tunic;  apertnies 
simple,  rarely  lobed :  about  8  genera  and  28  species. 

1.  Olaymuxa  Savigny.  Zooids  elongate,  made  up  of  2  regions,  a 
thorax  and  an  abdomen,  joined  by  stolons  with  one  another;  apertures 
simple:  about  8  species. 

0.  oUonga  Herdman.  Zooids  club-shaped,  30  nmL  long  or  less; 
tunic  thick  and  transparent;  branchial  sac  with  about  15  rows  of  stig- 
mata; tentacles  about  20  in  number,  short  and  stout:  Bermuda;  common. 

2.  PxEOFHOSA  Lister.  Body  compact  and  not  composed  of  2  re- 
gions, the  intestine  being  at  the  side  of  the  branchial  sac;  both  apertures 
siz-lobed. 

P.  Tiridis  Verrill.  Body  small,  oval,  3  mm.  long,  greenish  or  yel- 
lowish in  color:  Vineyard  Sound;  common;  often  covering  piles,  seaweed, 
or  stones  near  low-water  mark. 

OimBB2.    A80IDIAB  OOMPOSTTAE.* 

Composite,  colonial  ascidians,  the  members  of  a  colony  being  joined 
by  a  common  tunic  and  often  possessing  a  common  cloaca,  and  arising 
from  one  another  by  a  process  of  budding;  individuals  often  dongate 
and  consisting  of  2  or  3  distinct  divisions,  called  thorax,  abdomen,  and 
post-abdomen  (Fig.  1,014) :  about  7  families. 

Key  to  the  families  of  Ascidiae  compositae  here  described: 

Ot  Body  without  division  into  thorax  and  abdomen ;  mouth  not  lobed. 

1.  BonnxiDAS 
Sa  Body  Gompoeed  of  2  or  8  divisions ;  month  with  osnallj  6  lobes. 
5,  Colony  not  incrusting. 

Ox  Colony  without  common  doacal  openings 2.  DiSTOianix 

o    Colony  with  common  cloacal  openings 8.  PoLTCLnimAB 

5i  (Colony  incrusting 4.  DmxMNiDAC 

Faiolt  1.    BOTBYLLIDAE. 

Colony  either  thin  and  crust-like  or  thick  and  fleshy,  consisting  of 
individuals  in  groups,  each  group  with  a  common  cloaca;  no  division 
into  thorax  and  abdomen;  branchial  sac  without  longitudinal  folds, 
usually  with  3  inner  longitudinal  bars;  male  and  female  gonads  sep- 
arate, on  both  sides  of  body:  5  genera  with  about  80  species. 

Key  to  the  genera  of  Botryllidae  here  described: 

Oj  IndividoalB  in  circular,  star-shaped,  or  elliptical  groaps 1.  Bonnxua 

a.  Individuals  not  in  regularly  arranged  groups 2.  BoTBTLLOinss 

•  See  "Compound  Ascldlans  of  the  Coast  of  New  Bngland/'  etc.,  by  W.  Yaa  Name, 
Proc.  Best.  8oc.  Nat  Hist,  VoL  84,  1010. 
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1.  BOTKTIXira  Qaertoer.  Colony  thin  and  emrt-like  and  embedded 
in  >  eommon  gelatinoiu  tunic,  the  tndividuaU  being  in  circular,  stellate, 
or  elliptical  groups,  in  each  of  which  they  are  arranged  radially  around 
a  eommon  cloaeal  opening;  incnrrent  opening  widely  separated  from 
the  cloaml  and  near  the  periphery  of  the  gronp;  oral  tentacles  not 
branched  and  few  in  number:  about  24  species;  principally  in  North 
Atlantic  and  Ifediterranean,  in  shallow  water. 

B.  KbliMMrl  (Pallas)  {B.  gouldi  Verrill)  (Fig.  1,013).  Colonies 
massed  thickly  together  on  seaweed,  stones,  etc.,  fonning  gelatinons, 
black  or  purplish  incrustations  sometimes  10  cm.  or  more  in  diameter,  a 
colony  being  made  up  of  many  groups,  each  group  consisting  of  from 
6  to  10  individuals  and  3  to  6  ttitti.  in  diameter:  Long  Island  Bound  and 
northwards;  very  common;  Europe. 


ftg.  I,01S — Botn/ttm*  tehtenerl.  A,  a  colonr  on  ■  seaweed  conUlnln*  T  sronpa 
of  Indlrlduala  (Goold)  :  B,  dlasram  of  a  atiule  STOop  ol  Indlvldaali ;  C,  d)af  ram  ot 
two  IndlTldDalB  of  a  group  wlthlbe  commoD  cToacal  opeaiDg,  tbe  rlgbt -faaiMl  Inolridiul 
Id  iaslttal  aectlon  <Delage  and  BtTonard].  EiplanaUoiu  aa  tn  Fig.  998. 

2.  B«TKTLLOni»  Milne-Edwards.  Colony  thin  and  crust-like,  the 
indiTidual  animals  lying  perpendicular  to  the  surface  and  usually  not 
arranged  in  definite  groups;  the  individuals  lie  along  cloacal  canals 
which  meet  and  open  to  the  outside  through  a  common  eloacal  pore: 
over  2  dozen  species. 

B.  ttlgmm  Herdman.  Colony  up  to  7  cm.  in  diameter,  very  variable 
in  color,  nsuatly  purplish  or  blackish;  individuals  about  1.6  mm.  long: 
Bermuda;  in  shallow  water;  common  on  stones  and  seaweed. 

Faiolt  2.    DISTOMIDAE. 

Colony  thick,  sometimes  stalked,  usually  embedded  in  a  common 
tunic;  individnale  consisting  of  thorax  and  abdomen,  the  viscera  being 
beneath  the  branchial  sac,  which  is  without  internal  longitudinal  bars 
or  folds;  openings  each  with  6  lobes:  10  genera,  with  about  80  speeieB. 

DUTOXA  Qaertner.  Colony  thick  and  fleshy,  with  the  individuals 
often  in  groups;  intestine  very  lot^;  branchial  sao  short:  about  20 
apecies. 

D.  clanun  Van  Name.  Colony  jelly-like,  transparent,  12  mm.  in 
width  and  half  as  thick ;  individuals  lying  at  all  angles  to  surf  ace,  white 
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in  color  with  orange  intestine:  Bennada;  common  alon^  tlie  shore  and 
on  the  reefs. 

FAHII.I  3.     FOLYOLINISAE. 

Colony  Tariable  in  shape  bnt  obhsII;  massive,  sometimes  stalked, 

ancl  eocloeed  in  a  common  tonic;  individuals  elongate,  composed  of  3 

_  regions,  sometimes  in  gronps;   inoorrent  opening 

with  6  or  8  lobes;  budding  by  division  of  the  poat- 

abdominal  bod;  region  which  contains  tbe  gonads, 

the  heart  in  the  pericardium  and  the  epieardinm, 

which  is  a  tubular  prolongation  of  the  pharyngeal 

sac   (Fig.  1,014) :  about  20  genera  and  over  150 

species. 

Ajusovom  Hilne-Edwards.  Colony  osnaDy 
massive,  more  or  leaa  gelatinous  or  eartilaginona 
in  consistent^;  individoais  very  much  elongated 
and  usually  in  irregular  gronps:  about  60  speeieeT 
most  of  which  occur  in  shallow  water. 

A.  psUnddom  (Leidy).  Colonies  large,  eom- 
plez,  consisting  of  many  groups  of  elongate  Eooids, 
each  group  having  a  common  cloacal  opening  and 
all  enclosed  in  a  common  gelatinous,  translncent 
tunic;  colony  np  to  15  cm.  in  diameter;  separate 
sooids  np  to  25  mm.  long;  stomach  bright  orange 
in  Qolor:  North  Carolina  to  Vineyard  Sound;  very 
common  in  shaUow  water. 

A.  stdlattun  Verrill.    Colonies  large,  often  in 

form  of  thick  vertical  plates  which  may  be  60  em. 

long,  15  cm.  high,  and  25  mm.  thick,  enclosed  by  a 

common  gelatinous  tunic,  and  called  "sea  pork" 

by  fishermen ;  color  pale  bluish  or  pinkish ;  zooids 

arranged  in  stellate  dusters  containing  from  6  to 

I  individuals  each;  branchial  sac  and  intestine 

orange :  very  conunon  from  North  Carolina  to  Cape 

Cod  and  northwards. 

A.  GOiutellatiim  Verr.    Colony  thick,  often  incrusting,  with  a  smooth 

surface,  forming  bemispberical  crusts  on  piles,  rocks,  etc.;  color  orange 

or  pink;  zooids  arranged  in  irr^ular  stellate  or  elliptical  groups:  Long 

Island  and  Vineyard  Sounds  and  northwards. 

FiMiLT  4.    DIDEMNIDAi:. 
Colony  incrusting,  sometimes  thick  and  massive,  and  contained  in  a 
common  tunic,  in  which  are  calcareous  spicules;  zooids  arranged  in  cont- 


Fls.  1.014 

Dtunam  of  Amaion- 

dnm  (BroQD).    18,  ttao- 

m ;  le,  abdomen ;  20, 

toatabdomen;  31, 
lood  space;  22,  epl- 
tfrdlnm,  a  proloaga- 
tlon  of  tbe  phar;Dgeil 
■Bc  loto  the  poataEdo- 
men.  Otbei  eiplana- 
tiona  aa  Id  FlK.  608, 
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plex  branehing  systems  of  small  size,  with  body  composed  of  2  portions; 
incurrent  opening  6-lobed :  9  genera,  with  numerous  species. 

DiDSKVini  Girard.  Colony  usually  thick,  opaque,  often  leathery; 
calcareous  spicules  stellate  in  form;  zooids  small,  with  3  rows  of  stig- 
mata in  the  branchial  sac:  numerous  species. 

D.  orbicidatiim  Van  Name.  Colonies  thin,  25  mm.  wide  and  2  mm. 
thick,  gray  in  color,  with  numerous  spicules  which  tend  to  conceal  the 
zooids:  common  on  the  underside  of  stones  near  low  water  in  Bermuda. 

D.  lutarinm  Van  Name  (Le'ptoclinum  oZbtdum  VerrUl;  L.  lv,%eo\\»m 
Verr.).  '  Colony  forms  a  thin  incrustation  up  to  30  cm.  in  diameter,  cov- 
ering stones,  shells,  etc.,  and  white  or  pink  in  color,  with  an  uneven 
surface  by  reason  of  the  numerous  calcareous  spicules  present:  Long 
Island  Sound  to  Labrador;  common;  in  shallow  water. 

Order  3.    ASOIDIAE  LUOIAE.* 

Animals  colonial,  free*swimming,  and  enclosed  in  a  common  tunic; 
colony  cylindrical,  conical  or  flattened  in  shape  with  one  open  end; 
zooids  arranged  in  a  single  layer,  perpendicular  to  the  surface,  the  incur- 
rent openings  being  on  the  outer  and  the 
cloacal  openings  on  the  inner  surface  of 
the  cylindrical  colony;  projecting  from 
the  outer  surface  are  often  long  finger- 
like processes  of  the  tunic,  and  at  the 
forward  end  of  the  branchial  sac  of  each 
zooid  are  paired  phosphorescent  organs; 

the  colony  swims  with  the  closed  end  in      Fte.  1,015 — Purowma  a/OamUoym 

J  xT_  IX     i.  ii-       X  •  (Cambridge  Natural  History), 

advance  as  the  result  of  the  streanung 

of  water  out  of  the  open  end :  1  genus,  the  species  of  which  are  noted 

for  their  brilliant  phosphorescence. 

Pt&oboka  P^ron.  With  the  characters  of  the  order;  colony 
cylindrical  or  flattened :  8  species,  in  tropical  seas. 

P.  atlanticnm  P^r.  (Fig.  1,015).  Colony  conical,  3  or  4  cm.  in 
diameter,  and  25  cm.  or  more  in  length,  although  usually  much  smaller; 
color  greenish,  pinkish,  or  yellowish:  in  the  tropical  Atlantic 

SuBPHYLUM  3.    LEPTOCAEDIA.*    (CephaijOOhobdata; 

Amphioxus.) 

Elongate,  fish-shaped  Chordata,  in  which  the  notochord  extends  the 
entire  length  of  the  body.    The  body  is  laterally  compressed  and  pointed 

*  See  "Cydomyarla  et  Pyrosomida,*'  by  G.  Netimann,  Das  Tlerrelcli,  1913. 
t  See  "Amphioxus  and  the  Ancestry  of  Vertebrates,"   by  A.  Wniey,  1894.     "A 
tteylslon  of  the  Genera  and  Species  of  the  Branchlostomldae/'  by  J.  W.  Klrkaldy, 
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at  both  endSy  with  conspicuotis  muscle  segments  (myotomes)  and  a 
dorso-ventral  fin  at  the  hinder  end.  There  is  no  head,  the  mouth,  ^  ' 
is  Borronnded  by  long  eirri,  being  ventral  in  position,  skewed  a  litti 
the  left,  and  just  back  of  the  pointed  snout.  The  anus  is  near  the  hi; 
end,  a  little  to  the  left  of  the  median  line.  The  anterior  portion  o'  -^e 
digestive  tract  forms  the  extensive  phaiynz,  the  walls  of  which  are  er- 
f orated  by  numerous  paired  gill  slits.  Through  these,  respiratory  water, 
which  is  taken  in  at  the  mouth,  streams  into  a  peribranchial  chamber, 
which  communicates  with  the  outside  through  a  median  ventral  pore  in 
the  hinder  half  of  the  body.  In  the  mid-dorsal  as  well  as  the  mid- 
ventral  line  of  the  phaiynx  is  a  ciliated  groove,  the  latter  of  which  is 
homologous  to  the  endostyle  of  tunicates.  Back  of  pharynx  the  straight 
intestine  passes  to  the  anus,  the  only  digestive  gland  being  the  liver,  a 
long  diverticulum  which  extends  from 'the  intestine  forwards  into  the 
peribranchial  chamber.  The  notochord  is  a  cylindrical  rod  which  forma 
the  axial  skeleton  of  the  body,  through  which  it  extends  from  tip  to  tip^ 
lying  just  above  the  digestive  tube.  Above  it  lies  the  spinal  cord, 
which  possesses  a  central  canal,  the  anterior  end  of  which  expands  to 
form  a  vesicle.  Metameric  pigment  spots,  an  olfactory  pit  at  the  ante- 
rior end,  and  bristle-tipped  cells  in  the  skin  are  the  organs  of  special 
sense. 

The  vascular  system  consists  of  a  ventral  longitudinal  blood  vessel 
which  lies  beneath  the  intestine  and  pharynx,  breaking  up  into  capil- 
laries (portal  system)  over  the  liver,  a  dorsal  vessel  over  the  intestine 
which  is  double  over  the  pharynx,  and  lateral  vesseb  connecting  these 
two.  The  lateral  branches  in  the  wall  of  the  pharynx  become  branchial 
vessels;  in  the  hinder  portion  of  the  animal  the  lateral  vessels  break  up 
into  capillaries  on  the  wall  of  the  intestine.  A  heart  is  not  present  but 
the  anterior  portion  of  the  ventral  trunk  and  others  of  the  larger  vessels 
are  contractile;  the  blood  is  colorless.  The  excretory  system  consists  of 
numerous  pairs  of  nephridia  which  lie  above  the  upper  ends  of  the  gill 
slits  and  communicate  with  the  peribranchial  chamber.  The  sexes  are 
separate,  the  gonads  being  a  series  of  glands  which  lie  along  the  side  of 
the  body  opposite  the  pharynx,  projecting  into  the  peribranchial  chamber, 
into  which  their  products  are  discharged. 

Amphioxus  was  discovered  in  1778  by  Pallas,  who,  believing  it  to  be 
a  slug,  gave  it  the  name  Limax  lanceokUus,  In  1834  Costa  gave  the 
animal  the  generic  name  of  Branchioatoma,  Two  years  later  Tarrell, 
not  knowing  of  Costa's  work,  named  it  Amphtoxua,  which  has  been  tiie 

Quart  Jour.  Mlc  Sci.,  Vol.  87,  p.  803,  1896.  "Cephalochordata,"  Camb.  Nat.  Hist, 
1904.  "MaldWe  Cephalochordates,"  etc.,  by  Q.  H.  Parker,  Bull.  Has.  Comp.  ZooL, 
Vol.  46,  p.  39,  1904, 
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fffisjliar  name  of  the  animal  ever  since.  Johannes  Miiller  (1842)  recog- 
AfVH^  its  relation  to  vertehrates,  and  Kowalevsky  (1867)  described  its 
^  oliTology  <uid  elucidated  its  relationship  to  tunicates. 
>i  m  The  Leptocardia  are  found  in  shallow  bays  in  many  places  in  tropical 
'ilj  Iftemperate  regions,  and  bury  themselves  in  an  upright  position  in  the 
b^pd  with  the  mouth  projecting  into  the  water.  In  America  they  are 
found  as  far  north  as  Chesapeake  Bay  and  in  Europe  as  far  as  Scandi- 
navia.   The  class  contains  a  single  family  and  about  a  dozen  species. 


Family  BBANCHIOSTOMIDAE. 

With  the  characteristics  of  the  class :  3  genera. 
1.  BaAVCHiOBTOKA  Costa  {AmphioxtMYBxreW).    Body  symmetrical ; 
genital  organs  on  both  sides;  caudal  fin  lanceolate:  7  species. 


I 


A 


.-.ntv^ti 


kW»Ktr.'.\-r.  r  :-•  J/J.  ..-.•.  i\ :  .-^  /•-•.  * 

ir-  •.  fr :  «i  ■.•.\  :.\-i:,: 


Fig.  1,016 — Brcmchiostoma  lancelatum.  A,  ventral 
aspect ;  B,  left  side  of  body  (Cambridge  Natural  His- 
tory). 1,  oral  cirri;  2,  muscle  segments;  3,  dorsal 
fin ;  4,  ventral  pore  of  peribranchial  chamber ;  5,  anus ; 
6,  gonads ;  7,  ventral  fin. 


B.    lanceolatum 

(PaUas)  (Pig.  1,016). 
Length  about  48  mm.; 
gonads  about  26  pairs: 
Chesapeake  Bay  and 
southerly;    Europe ; 

^«y'°°-  ' h  ^        47 

B.  caribbflBum  Sun- 
devalL  Length  40 
mm.;  gonads  about  26 
pairs;  differs  from  B, 
lanceolatum  in  the  slight  development  of  the  caudal  fin  and  the  short- 
ness of  the  postanal  region:  West  Indies,  North  and  South  America. 

B.  calif omiense  Cooper.  Length  70  mm.;  gonads  31  pairs;  cephalic 
region  smaU :  California. 

2.  Abtiocetbov  Andrews.  Body 
asymmetrical;  gonads  on  right  side 
only;  ventral  fin  with  no  fin  rays  and 
poorly  developed ;  a  long  caudal  proc- 
ess present :  7  species. 

A.  Incayanum*  And.    Length  .13 
mm.;  gonads  29  in  number,  extending  from  myotomes  15  to  43  inclu- 
sive; olfactory  pit  wanting:  Bahamas;  Zanzibar. 

A.  macricaudatum  Parker  (Fig.  1,017).  Length  14  mm.;  number  of 
gonads  about  26,  extending  from  myotomes  11  to  37  inclusive:  Florida 
coast. 


Big.  1,017 — Asprnmetron  lucayanum—^ 
left  Bide  of  tail  (Parker). 


^  See  "An  Undescribed  Acraniate,"  etc.,  by  B.  A.  Andrews,  Stud.  BloL  Lab. 
Johns  Hop.  Univ.,  Vol.  6,  p.  213,  18B3. 
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Abdomen,    The  most  posterior  body-diTisioii.  in  arthropods  and  in  some  other 

invertebrates. 
Aboral.    The  side  of  the  body  opposite  the  mouth  in  a  radiate  animal. 
Aeieulum,    A  ehitinons  supporting  rod  in  the  parapodia  of  annelids. 
Aoontium,    A  vibratile  thread-like  organ  charged  with  nettle  cells  in  certain 

sea  anemones. 
Acratpedote  medusa,    A  medusa  without  a  velum.    A  scTphomedusan. 
Aerocyet,    A  brood-chamber  in  certain  campanularian  hydroids. 
Aetimtle,    A  larval  form  of  certain  hydroids. 
Adaptive  ffiUs,    Projections  on  certain  opisthobranchs  which  function  as  gills, 

but  are  not  ctenidia. 
Adductor  muscle,    A  muscle  which  draws  an  organ  towards  the  axis  of  the 

body. 
Algae,    Very  simple  green  plants. 
Alimentary  tract.    The  digestive  canal,  the  organ  which  ingests,  digests,  and 

absorbs  the  food. 
Alternation  of  generations.    The  alternate  succession  of  sexual  and  asexual 

generations  in  a  species  of  animals  or  plants. 
Ambulacral  feet.    Tubular  projections  of  the  body  wall  with  sucker  discs  at 

their  ends  in  echinoderms. 
Ambulacral  groove.    The  elongated  groove  on  the  oral  side  of  the  rays  of  the 

starfish. 
Ambulacral  pores.    Minute  openings  in  the  body-wall  in  the  starfish  and  the 

sea-urchin. 
Ampulla,    A  sac-like  projection  of  the  ambulacral  foot  in  echinoderms. 
Anal  feelers.    Paired  posterior  appendages  which  are  sensory  in  function. 
Analogous,    Having  a  similar  function. 
Antenna,    A  segmented  sensory  appendage  on  the  head. 
Antennal  scale.    The  exopodite  of  the  second  antenna  in  certain  malacostraeans. 
AntenruU  sinus.    An  indentation  in  the  shell  near  the  antennae  of  certain 

ostracods. 
Anterior^    At  or  towards  the  front  end  of  the  body. 
Anus,    The  posterior  opening  of  the  digestive  canaL 
Aorta,    A  large  artery  leading  directly  from, the  heart. 
Aperture,    The  opening  of  a  snail  shell. 
Apex,    The  tip  of  a  snail  shell. 

Appendage,    A  J>rojeetion  from  some  part  of  the  body. 
Appendix,    Jl  short  diverticulum  usually  of  the  intestine. 
ArcKeooytes^    Primitive  cells  in  the  mesoglea  of  sponges. 
Aristotle* s  lantern.    The  dentary  apparatus  of  the  sea-urchin. 
Artery,    A  blood  vessel  carrying  blood  away  from  the  heart  to  the  tissues. 
Arthrobrtxnch,    A  gill  attached  to  the  joint  between  the  leg  and  the  body  in 

crustaceans. 
Articulate.    Ck>mpo8ed  of  a  series  of  homologous  segments. 
Asexual,    Beproduction  by  division  or  budding  and  not  through  the  agency 

of  the  sexes. 
AtoJce,    The  anterior,  sexless  part  of  certain  annelids. 
Awricle,    A  chamber  of  the  heart  which  receives  the  blood  from  the  veins. 
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AutoBOoH.    A  feeding  looid  in  the  Pennatulaeea. 

AwnMlarwm,    A  struotare  shaped  like  a  bird's  head  attached  to  the  soceeiiiBi 

in  Biyosoa. 
AwiaJL  organ,    A  glandular  organ  in  the  axial  sinus  in  eehinoderms. 
Asrial  9in/UB,    An  elongated  sac  alongside  the  stone  canal  in  eehinodennB. 

BiudU.    Calcareous  interradial  plates  in  the  erinoid  body. 

Bilateral  »ymmeiry.    Having  the  right  and  the  left  sides  alike. 

Bivalve^    A  shell  composed  of  two  distinct  and  equivalent  parts  or  valves. 

Bladder  worm.    The  larval  stage  of  tapeworms. 

Blastostyle,    The  reproductive  polyp  of  a  campanularian  hydroid. 

Body-eavity,    An  internal  space  in  the  body  i^  which  lie  the  viscera. 

Body-wall,  The  outer  portion  of  the  body,  which  usually  bounds  the  body- 
eavity  towards  the  inside. 

BrachUU,    Belating  to  the  arms. 

Branchial,    Belating  to  the  gills. 

Branchial  heart,  A  lateral  heart  in  the  squid  which  receives  blood  from  one 
of  the  gills. 

Branchiate,    Bearing  gills. 

Branchioetegite,  Paired  lateral  folds  of  the  body-wall  in  crustaceans  which 
protect  the  gills. 

Brood-»ae,    A  chamber  in  which  the  eggs  develop  in  certain  crustaceans. 

Brown  body.  A  round  mass  in  certain  bryocoans  resulting  from  the  disinte- 
gration 0^  the  soft  parts  of  the  body. 

Bvd,    An  outgrowth  of  the  body  of  an  animal  which  becomes  a  new  individuaL 

ByMSua.  Outicular  threads  secreted  by  the  foot  of  many  pelecypods  and  used 
to  attach  the  shell. 

Ckmsum,    A  sac-like  appendage  of  the  digestive  tract;  a  blind  gut. 

Cakunistrum,  A  comb  of  stiff  hairs  on  the  fourth  leg  in  certain  spiders  used 
by  the  animal  to  make  a  band  of  silk  which  stretches  across  the  web. 

CalcareouM,    Formed  of  carbonate  of  lime. 

CaUut,    A  thickening  near  the  umbilicus  in  certain  snail  shells. 

Calyx.    The  body  of  a  erinoid. 

Canal,  A  tubular  prolongation  of  the  lip  of  the  aperture  containing  the  siphon 
in  many  snail  shells. 

Carapace,  The  shell  covering  a  portion  or  all  of  the  cephalothorax  in  crus- 
taceans. 

Cardinal  teetK    The  hinge  teeth  beneath  the  umbo  in  a  bivalve  shelL 

Carina,    The  median  dorsal  shell  in  barnacles. 

Cartilage,    The  internal  portion  of  the  ligament  in  certain  bivalve  shells. 

CeUuloee,  The  woody  cell-wall  of  plant  cells  and  also  of  certain  cells  in  the 
tunic  of  tunicates. 

Central  teetK    In  the  radula  of  mollusks  the  central  row  of  teeth. 

Centrodorsal,    The  basal  portion  of  a  non-sessile  erinoid. 

Cephalic  gland,    A  tubular  organ  at  the  anterior  end  of  nemerteans. 

Cephalant,    A  sporozoon,  when  attached. 

Cephalothorax,  A  body-division  formed  by  the  fusion  of  the  head  and  the 
thorax  in  arthropods. 

Cerata.    Dorsal  projections  in  opisthobranchs. 

Ceratine.    A  horn-like  substance  forming  the  skeleton  in  certain  corals. 

Cercarioj    A  larval  form  of  trematodes. 

Cercua,  A  paired  sensory  projection  at  the  posterior  end  in  certain  inverte- 
brates. 

Cerebral  tube,    A  sense  organ  of  sipunculids. 

Chelate,    Having  forceps-like  pincers. 
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CheUped.    The  large  grasping  claw  in  many  erustaoeans. 

Chitin,    A  hard  and  very  resifltant  subetance  present  in  the  eutieula  of  many 

arthropods. 
Chlorophyll,    The  green  coloring  matter  of  plants. 
Chromaiophares,    Colored  pigment  cells. 
CUia.    The  numerous  vibratory  projections  on  both  the  inner  and  the  outer 

surfaces  of  certain  animals. 
Cirrus.    A  filamentous,  sensory  appendage  of  annelids;  a  protrusile  eopolatory 

organ  of  flatworms. 
Clitellum,    A  thickened  glandular  region  on  oligoehssts  which  secretes  the 

cocoon. 
Cloaca*    A  tubular  or  sac-like  space  which  receives  the  discharge  of  various 

organs. 
CfUdohlagt.    A  stinging  cell  in  Cnidaria  which  contains  the  nematocyst. 
CnidocU,    A  minute  spine  projecting  from  a  nettle  cell  into  the  water. 
Cocoon.    A  case  containing  one  or  more  developing  itwlinRiff. 
CoBtlom.    The  body-cavity. 

Casnenchym,    The  soft  parts  of  an  slcyonarian  colony. 
Collar.    The  ventral  edge  of  the  mantle  in  gastropods  and  cephalopods;  the 

part  of  the  body  of  Balanoglossus  between  the  proboscis  and  the  trunk. 
Collar  ceU.    A  flagellate  cell  with  a  high  membrane  around  the  base  of  the 

flagellum. 
Colon.    A  division  of  the  intestine. 
Colwnetla.    The  axis  of  a  spiral  snail  shelL 

Complementary  male.    A  minute  accessory  male  animal  in  certain  barnacles. 
Compound  eye.    An  eye  made  up  of  a  number  of  separate  elements,  or  omma- 

tidia,  in  arthropods. 
Conjugation^    The   fusion   of   two   protozoans   and   interchange   of   nuclear 

matter. 
Conneetvoe  tieeue.    A  tissue  whose  principal  function  is  to  support  and  hold 

in  place  other  tissues  and  organs. 
Coosa.    The  proximal  segment  of  an  arthropod's  leg,  by  which  it  articulates 

with  the  body. 
CosBoi  plate,    A  plate  in  the  ventral  surface  of  Acarina. 
Craspedote  medusa,    A  medusa  with  a  velum,  a  hydromedusan. 
Cribeilum.    A  plate  with  spinning  tubes  in  front  of  the  spinnerets  in  some 

spiders. 
Cribriform  organs.    Parallel,  verticsl  rows  of  thin  calcareous  plates  in  the 

margins  of  the  arms  of  certain  starfish. 
Crop.    A  dilated  portion  of  the  cBsophagus. 
Ctenidiwn,    The  moUuscan  gill. 

Cutieula,    The  outer  layer  of  the  integument  of  most  invertebrates. 
Cygt.    A  capsule  containing  an  animal  usually  in  a  state  of  suspended  anima- 
tion ;  a  capsule  containing  a  foreign  or  inert  body  imbedded  in  some  animal 

tissue. 
Cysticerooid.    A  minute  bladder  worm  in  which  the  scolez  completely  fills  the 

cyst. 
Cysiicerous,    A  bladder  worm  in  which  the  cyst  contains  one  or  more  scolices 

and  a  fluid. 

Bart  sac    A  part  of  the  genital  tract  of  certain  pulmonate  snails. 

Dentary  apparatus.  The  five  teeth  and  their  supporting  structure  in  the  sea- 
urchin. 

Desor's  larva,    A  nemertean  larvsl  form. 

Development.  The  series  of  changes  in  the  early  life  of  an  animal  by  which 
it  passes  from  the  condition  of  a  fertilized  egg  to  that  of  the  adult. 
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Dimorphism,    The  condition  in  which  a  species  exists  in  two  distinct  fonnsy 

as,  for  instance,  male  and  female. 
Dioecious,    Having  the  two  sexes  in  two  separate  individuals. 
Dissepiment,    The  partitions  between  the  somites  in  annelids. 
Distal.    The  position  of  a  part  of  an  organ  away  from  the  point  of  attachment 

— opposed  to  proximal. 
Diverticvlum,    A  sac4ike  projection  of  a  tubular  organ. 
Dorsal,    On  or  towards  the  back. 
Dorsal  lamina.    A  ciliated  ridge  in  the  mid-dorsal  line  of  the  pharynx  in  the 

asddean. 

Sctocyst.    The  zooDcium  or  outer  wall  of  a  bryozoon's  body. 

Ectoderm.    The  outermost  layer  of  cells  in  the  Ckelenterata. 

Ectosaro.    The  outermost  layer  of  non-granular  protoplasm  in  protozoans. 

Elyira,  The  imbricated  scales  on  the  back  of  certain  annelids;  the  win^-covers 
of  beetles. 

Emhryo.  A  young  animal  which  is  passing  through  its  developmental  stages^ 
usually  within  the  egg  membranes  or  in  the  maternal  uterus. 

Encyst,    The  act  of  an  animal  in  forming  a  cyst  about  itself. 

Endopodite,  The  innermost  of  the  two  terminal  branches  of  the  typical 
crustacean  leg. 

Endostyle.  A  ciliated,  glandular  groove  in  the  midventral  line  of  the  pharynx 
of  tunicates  and  of  Amphioxus. 

Entoderm.    The  innermost  layer  of  cells  in  the  Ckfilenterata. 

Entosaro.    The  interior  granular  protoplasm  in  protozoans. 

Ephippium.  The  shell  in  which  the  winter  eggs  of  Gladoeera.are  often  con- 
tained. 

Ephyra,    A  youthful  stage  in  the  growth  of  a  scyphomedusan. 

Epigynum.    A  plate  over  the  genital  orifice  in  the  female  spider. 

Epiphragm.  The  disc  of  calcified  slime  with  which  a  land  pulmonate  ean  doee 
the  opening  of  its  shell. 

Epipodium.    A  ridge  along  the  side  of  the  molluscan  foot. 

Epistome.    A  projection  above  the  mouth  in  certain  bryozoans. 

EpitoJce.    The  posterior  sexual  part  of  the  body  of  certain  annelids. 

Erineum,    A  pathological  plant-growth  caused  by  certain  mites. 

Exopodite,  The  outermost  of  the  two  terminal  branches  of  the  typical  crusta- 
cean leg. 

Extensor  muscle.    A  muscle  that  extends  an  organ. 

Extremity,  A  paired  lateral  or  ventral  appendage  of  the  body  of  an  animal, 
used  primarily  for  locomotion,  although  in  many  cases  having  fleeondarUy 
some  other  function. 

Extmbrella.    The  aboral  side  of  a  medusa. 

Ferttlieatiofi,    The  union  of  the  spermatozoBn  and  the  ovum. 

Flagellum,    A  vibratory  thread-like  projection  of  certain  cells;  the  terminal 

portion  of  the  antennae  in  crustaceans. 
Flams  ceU^    The  terminal  cell  of  an  excretory  tubule  in  the  kidney  of  Plathel- 

minthes. 
Flexor  muscles.    A  muscle  that  bends  an  organ* 

Food  vacuole.    A  globule  of  water  containing  food  particles  in  protozoans. 
Frontal  appendage.    A  pair  of  extra  appendages  between  the  second  antennae 

in  certain  Branchiopoda. 
Frontal  organ.    Sensory  organs  near  the  front  end  of  certain  nemerteans. 
Funiculus*    A  mesenteric  strand  connecting  the  stomach  poneh  with  the  bodlj* 

wall  in  bryozoans. 
Funnel.    The  siphon  of  a  cephalopod. 
Fvrca.    A  pair  of  projections  at  the  hinder  end  of  the  body  of  copepods. 
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€kmglion.    An  aggregation  of  nerve  eells. 

GagirovoMcviar  9paoe,    The  central  cavity  in  Gnidaria  and  Gtenophora. 

€kutro0ooid,    A  feeding  zooid  of  a  siphonophore  colony. 

GemmtUe,    A  capsule  in  fresh-water  sponges  containing  archeocytes  which  live 

through  the  winter  and  in  the  spring  form  the  starting  point  of  a  new 

sponge-colony. 
€hutrula,    A  stage  in  the  development  of  the  embryo  in  which  two  cell  layers 

are  present,  ectoderm  and  entoderm. 
OaU,    An  organ  for  the  breathing  of  air  contained  in  the  water. 
OiR'filameni,    Ciliated  vertical  ridges  on  the  surface  of  the  gills  of  pelecypods. 
€Hrdle,    An  integumental  fold  in  chitons  sarrounding  the  shelL 
GiBgard,    A  portion  of  the  alimentary  tract  in  certain  animals  with  thickened 

muscular  walls  in  which  the  food  is  chewed. 
Gloe^idkM^    The  larval  form  of  Anodonta  and  Unio  which  lives  a  parasitic 

life  in  the  skin  of  fishes. 
Gnaihapod,    A  grasping  daw  in  amphipods. 
Ckmangwm.    The  cuticular  covering  or  gonotheea  of  the  blastostyle  in  eam- 

panularian  hydroids. 
Gonosome.    The  medusoid  stage  of  a  hydromedusan. 
Chmotheca,    The  cuticular  outer  covering  of  the  blastostyle. 
Cronoeooid.    The  reproductive  zooid  of  a  siphonophore  colony. 

HoBmdl.    Pertaining  to  the  blood  system. 

HaUer'M  organ,    A  sense  organ  on  the  anterior  pair  of  legs  in  certain  ticks. 

Head*    The  anterior  body-division  of  the  higher  animals. 

Heart,    A  muscular  tubular  or  saccular  organ  which  propels  the  blood  through 

the  arteries. 
Heetocoiyhu  arm.    One  of  the  arms  in  the  male  in  many  cephalopods  used  to 

transfer  sperm  to  the  female. 
HermaphrodiUo.    Having  the  two  sexes  united  in  one  animal. 
Hinge  ligament.    The  flexible  portion  of  a  bivalve  shell  which  joins  the  two 

valves. 
Homologous,    Having  had  a  similar  origin. 
Host,    The  animal  which  harbors  a  parasite. 
HydrantK    An  individual  feeding-polyp  in  a  hydroid  colony. 
Hydroeladium,    Small  branches  in  the  Plumulariidae  bearing  the  polyps. 
H^rocavius^    The  stem  of  a  hydroid  colony. 
Hydroid,    The  sessile,  asexual  generation  of  the  Hydromedusae  and  Scypho- 

medusae. 
Hydrorhiea,    The  root-like  projection  of  a  hydroid  colony  by  which  it  is 

attached. 

Hypodermis,    The  cellular  layer  which  forms  the  inner  portion  of  the  integu- 
ment of  most  invertebrates  and  secretes  the  cuticula. 

Hypophysis,    A  ventral  projection  of  the  brain  in  vertebrates. 

Hypopus.    The  youthful  form  of  certain  mites. 

Hypostome,    The  projection  of  a  hydroid 's  body  which  bears  the  mouth. 

Infrabasals,    Calcareous  plates  between  the  basals  in  certain  crinoids. 
Intwidibul^im,    A  longitudinal  fold  of  the  pharyngeal  wall  of  ascidians. 
Insertion  plate.    The  portions  of  the  shell  of  chitons  beneath  the  girdle. 
Integument,    The  outer  covering  of  an  animal;  in  most  invertebrates  it  con- 
sists of  an  outer  cuticula  and  an  inner  hypodermis. 
InterUmellar  partitions.    Vertical  walls  which  join  the  two  lamellae  of  a  pele- 

cypod's  gin. 
Intermediate  host.    The  animal   which  harbors  the  larval  form  only  of  a 

parasite. 
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Inierroff^    One  of  the  diviaioiiB  of  the  radiate  body  of  echinodemis. 
Intestine.    The  diviflion  of  the  digestive  tract  in  which  absorption  goes  cm* 
Introvert.    The  anterior  part  of  a  sipunculid,  which  can  be  invaginated. 

Keher'e  organ.    An  ezeretory  organ  in  pelecypoda. 
Kidney.    An  ezeretoiy  organ. 

Labium.    The  under  lip  of  many  arthropods. 

Lamella.    A  leaf-  or  plate-like  stmetnre. 

Larva.  A  young  animal  which  has  left  the  egg  and  is  leading  a  free  life^  but 
which  has  not  yet  completed  its  development. 

Lateral.    A  position  to  the  right  or  left  of  the  median  line. 

Lateral  teetK  In  the  radula  of  mollusks  the  teeth  on  each  side  of  the  cen- 
trals; in  pelecypods  the  hinge-teeth  either  anterior  or  posterior  to  tlie 
cardinals. 

Ligament .    The  elastic  band  joining  the  two  valves  of  a  pele^pod's  ahelL 

Lip.    The  margin  of  the  aperture  of  a  snail  shell. 

LUhocytii    A  marginal  sense-organ  in  campannlarian  medusae. 

Liver.    A  digestive  gland. 

Lophophore.  A  circular  or  horseshoe-shaped  ridge  bearing  tentacles  in  Bryoioay 
Brachiopoda  and  Phoronidea. 

Loriea.    The  shell  enclosing  the  body  in  many  rotifers. 

Lumen.    The  cavity  within  a  tubular  organ. 

Lunule%    A  depressed  area  in  front  of  the  umbo  in  certain  peleeypoda. 

Lycopkore.    The  ten-hooked  embryo  of  the  Gestodaria. 

Maerormdleue.    The  large  nucleus  of  an  infusorian. 

Madreporite.    The  porous  plate  through  which  fluids  enter  the  ambulaeral 

system. 
Malpighian  tubes.    The  kidney  of  insects  and  many  arachnids. 
Mammary  organ^    An  elevation  in  the  vestibule  of  certain  entoproct  bryoaoans 

which  nourishes  the  embryos. 
Mandible.    The  anterior  pair  of  mouth-parts  in  arthropods. 
Mantle.    The  integumental  fold  in  mollusks  and  brachiopoda  which  secretes  the 

shell;  the  body-wall  of  ascidians  beneath  the  tunic. 
Manubrium.    The  projection  of  a  medusa's  body  which  bears  the  month. 
Marginai  teetK    In  the  radula  of  mollusks  the  teeth  at  the  side  of  the  laterals. 
Mastax.    The  muscular  pharynx  of  a  rotifer. 

Maxilla.    The  paired  mouth-parts  immediately  behind  the  mandibles  in  arthro- 
pods. 
MaxiUipeds.    The  anterior  thoracic  appendages  in  emstaoeans  and  eentipeds. 
Medusa.    A  free-swimming  jelly-fish. 

Medusoid.    The  sexual  generation  of  the  Hydromedusae  and  Scyphomedusae. 
Megaacieres.    The  larger  spicules  in  sponges  which  form  the  principal  skeletal 

support. 
Mesentery.    A  lamf^lla  which  supports  some  one  of  the  viscera;  in  Scyphosoa 

and  Anthosoa  a  lamella  extending  from  the  body-wall  into  the  gastrovaa- 

cular  space. 
Mesoglea.    The  middle  tissue  between  the  ectoderm  and  entoderm  in  Coelen- 

terata. 
Metaonemes.    The  secondary  mesenteries  of  Anthosoa. 
Metamere.    One  of  the  serial,  homologous  body-segments,  together  with  itA 

appendages,  which  form  the  body  of  an  articulate  aniinaL 
Metapodium.    The  hinder  part  of  the  molluscan  foot. 
Metasoma.    The  primitive  segmented  trunk  of  an  artieolate  aaimaL 
Metastomiwn,    The  posterior  portion  of  the  head  of  an  annelid. 
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MeUuaOn    The  diTimon  of  the  animal  kingdom  eomprising  the  many-celled 

MioronwAeuM,    The  smaller  of  the  nuelear  bodies  in  inf  usoiians. 
MioroMderes.    The  minute  spicules  in  sponges. 
Miraeidiwn4    The  youngest  larval  stage  of  trematodes. 
MontBcious,    Having  the  two  sexes  united  in  one  individual. 
Moiher^f-peaH.    The  inner  layer  of  the  shell  of  moUusks. 
M<yiilt,    To  shed  the  cutieula  or  the  outer  portion  of  it. 
Mouth^parU.    The  masticatory  appendages  on  the  head  of  arthropods. 

Nmpiiua,  A  young  larval  form  of  many  crustaeeans,  especially  entomostracana. 
NenuUooyti,  The  stinging  organ  in  the  Cnidaria  which  is  within  the  cnidoblast. 
Nephridium,    A  urinary  tubule  in  annelids. 

Nephrowtome.    The  cilUted  opening  of  a  nephridinm  into  the  body-cavity. 
Nerve  commiseure*    A  nerve  connecting  the  two  members  of  a  pair  of  ganglia. 
Nerve  eonneetive.    A  nerve  connecting  two  ganglia  not  of  the  same  pair. 
Nettle  oeU,    The  stinging  organ  or  nematocyst  in  the  Cnidaria. 
Neuropodwm,    The  ventral  division  of  the  parapodium  of  an  annelid* 
Nidamentdt  glands.    The  large  glands  which  secrete  the  egg-capsules  in  the 

squid. 
Notoohord.    A  cylindrical  rod  formed  in  the  young  embryo  along  the  mid-dorsal 

Hne  of  the  digestive  tube  and  ventral  to  the  nervous  system  in  chordates. 
Notopodintm,    The  dorsal  division  of  the  parapodium  of  an  annelid. 
Nue^euB.    A  spheroidal  body  in  a  cell,  the  center  of  its  activities. 

Oodhe,    A  minute  primitive  eye  in  arthropods. 

<E»aphagu8,    The  gullet,  the  division  of  the  digestive  canal  leading  from  the 

pharynx  to  the  stomach. 
Ofnmatidlum,    A  single  element  of  the  compound  eye  of  an  arthropod. 
Onchoephere.    The  six-hooked  embryo  of  tapeworms. 
OperetUum.    A  plate  closing  an  opening  or  covering  some  other  structure. 
OoBcintm,    A  structure  in  Bryosoa  in  which  the  embryo  develops. 
Oral,    The  side  of  the  body  containing  the  mouth  in  a  radiate  animal. 
Oral  groove.    A  groove  leading  to  the  mouth  in  dilate  infusorians. 
Organs  of  Cuvier.    Glandular  tubes  extending  from  the  rectum  in  holothurians. 
Organ  of  Keher,    An  excretory  organ  in  pelecypods. 
Orthonewrous  gastropods.    Sn^ls  in  which  the  pleuro-visceral  nerve  connectives 

are  not  crossed. 
Oseuhim.    The  doaeal  opening  in  sponges. 
Ossicles.    The  calcareous  plates  in  the  body-wall  of  echinoderms. 
Otoeyet.    An  organ  of  hearing. 

Otoporpae.    Thickenings  of  the  ectoderm  at  the  lithocysts  in  Narcomedusae. 
Outer  lip.    The  portion  of  the  lip  of  the  aperture  of  a  snail  shell  away  from 

the  axis. 
Ovary.    The  female  sexual  gland. 
Ovieell.    A  brood-chamber  or  ooBcium  in  bryosoans. 
Oviduct.    The  tube  leading  from  the  ovary  towards  the  outside. 
Ovipositor,    The  organ  by  means  of  which  certain  arthropods  deposit  their  eggi. 
Ovum.    The  female  sexual  cell,  the  egg. 

Pallets,    Small  calcareous  plates  in  the  riphons  of  Teredo. 

PaUiai  line.    The  line  along  which  the  margin  of  the  mantle  is  attached  to  the 

shell  in  pelecypods. 
PaJUal  sinus.    The  indentation  in  the  pallial  line,  caused  by  the  insertion  of 

the  siphonal  retractor  muscle. 
Palp.    A  sensory  organ  near  the  mouth. 
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Pancreas.    A  digestive  gland  in  the  squid. 

Papulae.    Delicate  projections  of  the  body-wall  in  the  starflslL 

Paramylum,    A  granular  substance  resembling  starch  in  Euglena. 

Parapodwm,    The  appendage  of  annelids. 

Parasite,    An  animal  which  lives  in  or  on  another  and  feeds  upon  its  nntritiTB 

fluids. 
Parejiehyfna,    A  vesicular  connective  tissue  which  fills  the  body-cavitj  of  flat- 
worms  and  leeches. 
Parietal  lip.    The  side  of  the  aperture  of  a  snail,  shell  towards  the  axis. 
Parietal  tooth,    A  tooth  on  the  parietal  lip. 
Parthenogenesis,    Beproduction  by  means  of  unfertilised  eggs. 
PaanUae,    Calcareous  rods  surmounted  by  minute  spines  on  the  aboral  surf  aee 

of  certain  starfish. 
Pedieellariae,    Minute  pincer-like  organs  present  on  the  external  surface  of 

certain  echinoderms. 
Pedipalps.    The  second  pair  of  appendages  in  arachinids. 
PeduncHe,    The  stalk  by  which  a  sessile  animal  or  a  sessile  organ  is  attached. 
Pen,    The  shell  of  the  squid. 

Perioardiwn,    The  membrane  surrounding  the  heart. 
Periopods,    The  thoracic  appendages  posterior  to  the  mazillipeds  in  enista- 

ceans. 
Periostracwn,    The  outer  layer  of  the  molluscan  shell. 
Periphery,    The  outer  surface  of  a  body. 
Periproet,    The  region  immediately  around  the  anus. 
Perisarc,    The  cuticular  outer  covering  of  a  hydroid. 
Peristome,    A  membrane  surrounding  the  mouth  in  echinoderms;   the  outer 

lip  of  the  aperture  of  a  snail  shell. 
Peristomidl  gills.    Gills  on  the  peristome  of  sea-urchins. 
Peristomiufn,    The  posterior  portion  of  the  head  in  most  annelids. 
Peritoneum,    The  membrane  lining  the  body-cavity. 
Peritreme,    The  stigmal  plate  in  certain  mites. 
Peronia,    Thickenings  of  the  ectoderm  at  the  base  of  the  tentacles  in  Nareome- 

dusae. 
Petdloid  area.    The  petal-like  arrangement  of  the  aboral  ambulacral  pores  in 

certidn  sea-urchins. 
Pharynx,    The  division  of  the  alimentary  tract  immediately  back  of  the  mouth. 
Phragmocone,    The  chambered  portion  of  the  cephalopod  shelL 
Pinnules,    The  small  branches  of  the  arms  of  crinoids. 
Plankton,    A  collective  term  referring  to  all  small  forms  of  life  in  the  surface 

waters  of  the  sea  or  fresh  water. 
Planvla,    The  cilated  free-swimming  larva  of  many  Onidaria. 
Pleopod,    An  abdominal  appendage  in  crustaceans. 

Plerocercoid,    A  tapeworm  larva  resembling  the  scolex  of  the  adult  worm. 
Plerocercus.    A  tapeworm  larva  consisting  of  the  scolex  and  some  of  the  pro- 

glottids. 
Plevrobranch,    A  gill  attached  to  the  body-wall  in  crustaceans. 
Pluteus,    The  larva  of  a  sea-urchin  or  a  brittle  star. 
Podia,    The  ambulacral  appendages  of  echinoderms. 
PdUan  vesicle,    A  sac  projecting  from  the  ring  canal  of  echinoderms. 
Polymophism,    The  condition  in  which  an  animal  species  exists  in  several  dis* 

tinct  forms.. 
Polyp,    A  sessile  individual  in  Cnidaria  or  Bryozoa. 
Posterior,    At  or  towards  the  hinder  end  of  an  animal. 
Proposeis,    A  prehensile  organ  in  certain  worms,  usually  a  portion  of  the 

pharynx;  the  beak-like  mouth-parts  of  certain  arthropods. 
Proglottid,    A  tapeworm  segment. 
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Prootiracon,    The  grooved  or  trough-like  shell  of  certain  oephalopodB. 

Propodium,    The  anterior  portion  of  the  mollueean  foot. 

ProaovM,    The  primitive  head  of  annelids. 

Prostate  gland.    The  gland  which  secretes  the  fluid  in  which  the  spermatosoa 

are  suspended. 
Prattomium,    The  anterior  portion  of  the  head  of  annelids. 
Protopodite,    The  basal  segment  of  a  crustacean's  leg. 

Protractor  musc^y    A  muscle  which  extends  the  organ  to  which  it  is  attached. 
Proaaimal.    The  position  of  a  part  of  an  organ  towards  the  point  of  attachment 

'-apposed  to  distal. 
Pseudopodiufn,    A  retractile  locomotor^  process  in  sarcodins. 
p9eudoscolex.    The  anterior  end  of  certain  tapeworms  which  lack  a  scolez. 
p9evLdotiigmatio  organs,    A  pair  of  club-shaped  bristles  on  oribatid  mites. 
PuUatimg  vacuole,    A  globule  of  excretory  fluid  in  many  protosoans. 
Pyrenoide.    Deeply  staining  bodies  in  the  chromatophores  of  Euglena. 

JRaehis*    The  upper  portion  of  the  Pennatulacea,  containing  the  polyps. 

Badial  symmetry.  Having  the  parts  or  organs  arranged  symmetrically  about  • 
common  center. 

SadkUs,    Calcareous  plates  in  crinoids  above  the  basals. 

Badvus,    One  of  the  rays,  the  five  main  divisions  of  the  echinoderm  body. 

iaduUiM    The  band  of  calcareous  teeth  in  the  pharynx  of  most  mollusks. 

Bay,    One  of  the  main  divisions  of  the  radiate  body  of  echinoderms. 

Beceptaculwn  seminis,    A  receptacle  for  sperm  in  the  female  animal. 

Bectum,    The  posterior  division  of  the  digestive  tract. 

Bespiratory  tree.  The  paired  branched  diverticula  of  the  rectum  of  holo- 
thurians. 

Betractor  musdes.  Muscles  which  draw  an  organ  towards  its  point  of  attach- 
ment. 

Bhinophores,    The  posterior  pair  of  tentacles  in  many  opisthobranchs. 

Bhopalia,    The  sense  organs  or  tentaculocysts  of  scyphomedusans. 

Bing  canal.    The  central  i>ortion  of  the  ambulacral  system  in  echinoderms. 

Bostellvm,    A  projection  of  the  scolex  of  many  tapeworms  bearing  hooks. 

Bostrum,  A  projection  of  the  carapace  in  crustaceans;  the  cylindrical  terminal 
portion  of  a  belamnite  shelL 

BaUwary  glands,^    Digestive  glands  at  the  anterior  end  of  the  digestive  tract. 
Sclerohlasts,    The  cells  of  the  mesoglea  of  sponges  which  secrete  the  spicules. 
Scolex,    The  anterior  end  of  a  tapeworm  containing  the  organs  of  attachment. 
SotUwn,    A  shield  on  the  dorsal  surface  of  ticks. 
Soyphistoma,    The  hydroid  generation  of  the  Scyphomedusae. 
Secondary  fiageUwn,    A  small  branch  of  the  tentacle  in  certain  crustaceans. 
Segment,    One  of  a  number  of  serial  divisions  of  an  animal's  body  or  of  an 

organ. 
Septwn.    A  plate  forming  a  division  wall  between  two  spaces;  one  of  the 

radial  calcareous  plates  of  a  stony  coral. 
Sessile,    Fixed  to  one  place,  without  locomotory  powers — of  an  animal;  not 

on  a  stalk  or  stem-— of  an  organ. 
Seta,    A  bristle. 

Sexual,    Beproduction  through  the  agency  of  the  two  sexes. 
Siphon,    The  organ  through  which  water  enters  or  leaves  the  mantle  cavity  in 

mollusks  and  ascidians. 
Siphanal  canal.    A  tubular  prolongation  of  the  lip  of  the  aperture  of  many 

snail  shells  to  enclose  the  siphon.  ' 

Siph&noglyph.    A  ciliated  groove  at  one  end  of  the  mouth  in  the  Anthosoa. 
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Biphonoeooid.  Budimentary  sooids  through  which  water  flows  into  the  ento- 
dermal  canals  in  the  Pennatulacea. 

SiphuTicle,  The  tubular  portion  of  a  nautilus'  bodj  which  extends  through 
the  chambers. 

Bo>miie,  One  of  the  serial,  homologous  bodj-segments  which  form  the  body  of 
an  articulate  animal. 

Spermatheca.  A  sac  for  the  storing  of  sperm  in  the  female  animaly  a  yw"^««i 
receptacle. 

Spermatophore.    A  capsule  or  mass  of  spermatosoa. 

BpermaioBoon,    The  male  sexual  celL 

Sperm-duet.    The  yas  deferens. 

8perm^$ao,  A  sac  for  the  storing  of  sperm  in  the  male  animal,  a  seminal 
Teside. 

Spicule.    A  minute  calcareous  or  silidous  body  in  sponges  and  echinoderms. 

Spinnerets,  Appendages  at  the  hinder  end  of  a  spider  containing  the  openings 
of  the  silk  glands. 

Spirade,    An  external  opening  in  the  tracheal  system  in  arthropods. 

Spire.    The  portion  of  a  snail  sheU  aboTo  the  large  lowest  whorL 

Spongin,    The  substance  composing  the  elastic  fibers  of  a  sponge. 

SpongiobloiU.    The  meeoglea  cells  which  form  the  elastic  fibers  of  a  sponge. 

Sporont.    The  sporulating  stage  of  a  sporozoan. 

Sporosao.  A  sessile  medusoid,  one  which  remains  attached  to  the  parent 
hydroid. 

StatohUut,  Disc-like  buds  in  fresh-water  Bryozoa  which  liye  through  the 
winter. 

Sternum.  The  yentral  portion  of  the  cepholothorax  surrounded  by  the  legs  in 
spiders. 

Stigmal  plate.    A  plate  surrounding  the  spiracle  in  certain  mites. 

Stigmaifi,    The  respiratory  openings  in  the  pharyngeal  wall  in  aacidians. 

Stomach.    A  division  of  the  digestiye  tract  in  which  digestion  goes  on. 

Stomach  pouch.    A  diverticulum  of  the  stomach. 

Stone  canal.  A  tube  joining  the  madreporite  with  the  ring  canal  in  echino- 
derms. 

Streptone%urou$  gattropode.  Snails  in  which  the  pleuro-visceral  connections  cross 
each  other. 

StrobiSiation.    The  process  of  terminal  budding. 

Stylets.    Calcareous  needles  in  the  proboscis  of  hoplonemerteans. 

SvhehdcAe.  A  pinching  daw  formed  by  the  bending  of  the  terminal  segment 
over  the  next  one. 

5ti&ott<icttIa.    The  tissue  beneath  the  eutienla  in  trematodes  and  cestodes. 

Subgenitcl  pocket.    A  pocket  in  the  subumbrella  of  many  scyphomedusana. 

SuhnewraJi  gland.    A  glandular  body  in  ascidians. 

SvhumbreUa.    The  oral  surface  of  a  medusa. 

Summer  eggs.  Thin-shelled  eggs  produced  by  parthenogenetic  females  of  cer- 
tain crustaceans,  usually  in  the  summer. 

Supporting  layer.  The  non-cellular  layer  between  the  ectoderm  and  entoderm 
in  Hydrozoa. 

Swimmeret.    The  abdominal  appendage  of  a  crustacean,  a  pleopod. 

Symbiotic  The  living  together  of  two  dissimilar  organisms,  each  being  depend- 
ent upon  the  other. 

Systemic  heart.    The  median  heart  of  the  squid. 

Tactile,    Bdating  to  the  sense  of  touch. 

Tarsus.    The  segmented  foot  of  an  arthropod. 

Telson.    The  terminal  segment  of  a  crustacean  or  arachnoid. 

Tentacle,    An  elongated  tactile  organ. 
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Tentaculocygt.    The  sense  organs  of  the  Seyphozoa. 

Terminal,    Towards  or  at  the  posterior  or  the  distal  end. 

Test.    The  tonic  of  the  aseidian;  the  rigid  shell  of  the  sea-nrehin. 

Testis,    The  male  sexual  gland. 

Theoa,    The  outer  wall  of  the  calcareous  cup  of  a  stony  coraL 

Thorax*    The  body-division  just  anterior  to  the  abdomen. 

Tiedemann's  vesicles.    Minute  diverticula  of  the  ring  canal  of  the  starfish. 

Tooth  papUlae.    Projections  from  the  jaw  of  a  brittle  star. 

Trachea,    A  respiratory  tube  in  air-breathing  arthropods. 

Trichooyst,    A  cyst  containing  a  defensive  bristle  in  the  ectosarc  of  inf usorians. 

Troehophore,    A  larval  form  common  to  annelids,  mollusks,  and  other  animals. 

Trophi,    The  paired  jaws  in  the  mastaz  of  rotifers. 

Trophosome,    The  hydroid  stage  of  hydromedusans. 

Trophosodd,    The  youthful  stage  of  a  fungoid  coraL 

Tunic*    The  outer  cuticular  covering  of  tunicates. 


Umbilicus,    A  depression  or  cavity  at  the  axial  base  of  a  snail  shell. 

Umbo,    The  protuberance  above  the  hinge  on  the  shell  of  a  pelecypod. 

Ureter,    A  tube  forming  the  outlet  of  the  kidney. 

Uropod,  The  sixth  swimmeret  of  certain  crustaceans  which  forms  the  swim- 
ming tail. 

Uterus,  A  dilated  portion  of  the  oviduct  in  which  the  egg  or  the  developing 
animal  may  be  held. 

Vagina,    The  terminal  division  of  the  female  reproductive  tract. 

Vas  deferens,  A  duct  leading  from  the  testis  towards  the  external  opening; 
the  sperm-duet. 

Vegative  organs.  Those  organs  which  have  to  do  with  the  processes  of  nutri- 
tion, growth,  and  the  expulsion  of  wastes. 

Vein,    A  vessel  which  brings  blood  towards  the  heart. 

Velarium,    The  false  velum  of  Cubomedusae. 

Veliger  larva.    The  larva  of  many  gastropods. 

Velum,    The  circular  muscular  locomotory  membrane  of  a  hydromedusan. 

Ventral,    On  or  towards  the  underside  of  an  animal. 

Ventricle,    A  chamber  of  the  heart  from  which  blood  is  sent  over  the  body. 

Vesicula  semindlis,    A  sperm-sac  in  the  male  animal. 

Vestibule,    The  depression  within  the  lophophore  in  entoproct  brysdans. 

Vibracvlum,    Whip-like  defensive  organs  in  many  bryozoans. 

Viscera.    The  organs  within  the  body-cavities. 

Visceral  mass.  The  compact  group  of  organs  comprising  the  principal  viscera 
in  mollusks. 

Winter  eggs.  Thick-shelled  eggs  produced  by  parthenogenetic  females  after 
fertilization,  usually  in  the  fall. 

ZooMoreUae,    Single-celled  algae  which  live  eymbiotioally  with  some  inverte- 
brates. 
ZoQScluvh    The  outer  cutienlar  covering  of  a  biyozoan* 
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Abalonss,  531. 
abdltum  (Plsidlura),  587. 
Abdomen,     in     arthropods, 

323;  in  ascidians,  668. 
Abdominalla,  362. 
abdominalls  (Phryxus), 

881. 
abletina  (Abietlnarla),  107. 
AbleUnarla,  107. 
Aboral  surface,  614. 
Abothrlum,  195. 
Acalephae,  89. 
Acantbobdella,  316. 
Acanthocephala,  228. 
Acantbochltldae,  489. 
Acanthocystls,  23. 
Acanthodorls,  502. 
Acarina,  436. 
Acartia,  345. 
Acepbala,  481. 
Acephalina,  46. 
acerosa  (Gorgonla),  136. 
Acetabulum,  179. 
acetl  ( AnguiUula) ,  217. 
achetae-abbreviatae      (Gre- 

garlna),  44. 
aclcula  (TurrlteUa),  548. 
Aclculum,   288. 
Aclneta,  68. 
Aclnetidae,  68. 
Acmsa,  530. 
Acmddae,  530. 
AcoBia,  158. 
Acontla,  133. 
Acotylea,  169. 
Acraspedote  medusa,  88. 
Acrocyst,  104. 
Acropems,  336. 
Acropora,  146. 
Acroporidae,  146. 
AcroBoma,  426. 
Acteon,  496. 
Acteonldae,  496. 


Actlniaria,  189. 
Actlnocephalldae,  45. 
Actlnodendron,  138. 
actinoldes    (Thysanosoma). 

199. 
Actinoloha,  144. 
Actinometra,  622. 
Actinophrys,  22. 
Actlnopoda,  648. 
Actlnosphsrlum,  23. 
Actlnotrocha,  270. 
actinotuB  ( Hoplorhynchus) , 

45. 
Actlnozoa,  132. 
Actlnules,  103. 
aculeata  (Anomia),  570. 
aculeata  (Anureea),  239. 
aculeata  (Centropyxls),  18. 
aculeata  (Harmolho6),  285. 
aculeata  (Ophlopbolis), 

686. 
aculeata  (Pennatula),  137. 
aculeata  (Philodina),  235. 
aculeus  (Rlssoa),  541. 
acuminata  (CaDdona),  855. 
acuminata  (Difflugia),  17. 
acuminata  (Metopldla), 

242. 
acus    (Euglena),   32. 
acuta  (Hircinia),  85. 

Adamsla,  144. 

Adaptive  gills,  495. 

Adinida,  89. 

^ga,  875. 

iEgldae,  374. 

iEglnella,  872. 

JEgiDidae,  121. 

^olidia,  503. 

iEoUdldae,  503. 

iBolidloldea,  503. 

JEolis,  503. 

iEolosoma,  305. 

^olosomatldae,  805. 
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cequalls  (Mediaster),  627. 
^guorea,  116. 
^quorea  forskalea,  88. 
^quorea  tenuis,  88. 
iBquoreldae,  116. 
Esthetes,  485. 
estiva  (Labidocera),  845. 
€B8tiviMli8   (Dendryphantes), 

485. 
iEtea,  252. 
iEteldae,  252. 
ajjlnis  (CambaruB),  892. 
afflnlB  (Cyclosalpa),  662. 
afflniB  (Diclidophora),  177. 
afflnis  (Gebia),  889. 
afflnls  (Trophonia),  800. 
Agalmidae,  124. 
agassizi    (Gorgonocepha- 

lUB,  638. 
agassizi   (PhyscoBoma), 

275. 
Agelena,  480. 
Agelenidae,  430. 
aggregata  (Styela),  666. 
agile  (Nectonema),  228. 
agllis  (Caddo),  411. 
agllls   (Frederlcia),  808. 
agllis  (Hahnia),  431. 
agiliB   (LumbrlcllluB),  807. 
agilia  (Monocystis),  46. 
agllis   (Orchestia),  867. 
Aglantha,  120. 
Aglaura,  120. 
Aglaurldae,  119. 
agrestis  (Agriolimax),  527. 
agricoia  (Geonemertes), 

210. 
Agriolimax,  527. 
Akeridae,  497. 
alarius  (Phrurolitbus), 

430. 
Alasmidonta,  582. 
dlata  (BollnopBis),  158. 
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atata  (NeocomatelUi),  623. 
alatum  (Hemistomam), 

188. 
alba  (Eteone),  286. 
alba  (Frederlcia),  807. 
albicans  (Ocypoda),  399. 
albida  (^quorea),  116. 
albida  (GlotUdia),  207. 
alhidum  (Leptoclinum) , 

671. 
albldus  (Cyclops),  347. 
albidus  (Enchytneus),  807. 
alboflaTicans   (Megalo- 

trocha),  234. 
albolabris  (Polygyra),  521. 
albulns  (Stlchaster),  631. 
albus  (Trachydermon),  488. 
alcicornls  (Millepora),  93. 
Alclppe,  862. 
Alcippidae,  362. 
Alcyonacea,  134. 
Alcyonaria,  133. 
Alcyonldildae,  259. 
Alcyonidlnm,  259. 
Alcyonlldae,  134. 
Alcyonlam,  134. 
Alderia,  505. 
Alenrobius,  442. 
Alona,  337. 
Allceocoela,  164. 
Allolobophora,  313»  314. 
AUorchestea,  867. 
Allunis,  314. 
Alpheus,  388. 
alta  (Jaiilra)p  378. 
alternata  (Pyramldula), 

522. 
Alternation  of  generations, 

70,  660. 
altematum  (Blttium),  546. 
alvea  (Acmiea),  530. 
alyeolata  (Euglypha),  19. 
Amaroucium,  670. 
Amathia,  260. 
Amanrobius,  418. 
ambignnm    ( Splrostomum) , 

68. 
Amblyomma,  446. 
Ambulacral  appendage, 

616. 
Ambulacral  foot,  616. 
Ambulacral  groove, 

619,  628. 
Ambulacral  system,  616. 
American  bookworm,  223. 
americana  (Bertia),  198. 
americana  (Cellepora), 

259. 
americana  (Olycera),  291. 
americana  (Odlnla),  633. 
amerieana  (PedlcelUna), 

248. 


americana  (Styela),  666. 
americana  (Uroglena),  35. 
americannm  (Amblyomma), 

446. 
americanns    ( Arrhenurus) , 

452. 
americanus  (Cerianthns), 

140. 
americanus  (Cyclops),  346. 
americanus  (Bpisoan- 

thus),  141. 
americanus  (Homams), 

389. 
americanus  (Necator),  228. 
americanus  (Rhyncobolus), 

291. 
Amicula,  489. 
Ammonites,  606. 
Ammonoldea,  606. 
Ammotheldae,  459. 
Ammotrypane,  298. 
Amnicola,  542. 
Amoeba,  16. 
Amoebida,  15. 
Amoebldae,  15. 
Ampelisca,  368. 
Ampeliscldae,  368. 
Ampharete,  296. 
Ampharetidae,  296. 
Amphictenidae,  297. 
Ampbidlnlum,  41. 
Ampkldisc,  80. 
Amphileptus,  53. 
Amphilina,  192. 
AmpblmeruB,  185. 
Ampblneura,  482. 
Amphioants,  673. 
Amphipbolls,  687. 
Amphlpoda,  365. 
Ampblporidae,  210. 
Ampblporus,  210. 
Amphisla,  62. 
Ampbistomata,  182. 
Ampbltbo«,  371. 
Ampbithoidae,  371. 
Ampbitrite,  295. 
Amphiurldae,  636. 
ampbora   (Campanularla), 

111. 
amphora  (Tintlnnus),  60. 
Amphoriscldae,  77. 
Ampborlscus,  77. 
Amphoroldes,  45. 
ampllcava  (Gorgodera), 

186. 
Ampulla,  616. 
ampulla  (Cyphoderla),  19. 
Ampullarla,  545. 
Ampullariidae,  545. 
amylophagus   (Phyllomi- 

tus),  30. 
Anaehia,  557. 


Analges,  441. 
Analgesldae,  440. 
Anapems,  159. 
anatifera  (Lepas),  361. 
Anatlnacea,  600. 
Anatlnldae,  601. 
Anchylostoma,  223. 
ancUlaria  (Phyaa),  611. 
Ancula,  501. 
Ancylidae,  618. 
Ancylus,  518. 
Androgonidla,  39. 
Anelasma,  360. 
angttlllae  (Echinorhyn- 

chns),  229. 
AngniUula.  217. 
AngullluUdae,  216. 
anguina  (£tea),  252. 
angola ta  (Epeira),  425. 
angulata  (Ophiothrix), 

637. 
angulata  (Scalaria),  585. 
angulatus  (Amphipoms), 

211. 
Anlsonema,  83. 
Annelid  worms,  277. 
Annelida,  277. 
Annelldes  errantes,  279. 
Annelides  hlrudineae,  279. 
Annelldes  lumbridneae, 

279. 
Annelldes  nereideae,  279. 
Annelldes  serpuleae,  279. 
Annelides  terricoles,  279. 
Annelides  tubicoles,  279. 
annularis  (Orbicella),  148. 
annulata  (C!ambala).  470. 
annulata  (Cribrillna),  256b 
annulatum  ((^lliostoma), 

583. 
annulatus  (Gammams), 

369. 
annulatus  (Limnlas),  234. 
annulatus  (Margaropas). 

446. 
annulosa  (Taphrocampa), 

238. 
Anodonta,  581. 
Anodontoides,  588. 
anodontoides  (Lampcilis), 

580. 
anomala  (Crania),  268. 
Anomia,  570. 
Anomlidae,  570. 
Anomura,  392. 
Anopheles,  47. 
Anoplocephala,  198. 
Anoplocephalidae.  197. 
AnoplodactyluB,  460. 
Anoplophrya,  57. 
anser  (Dileptus),  53. 
anserifera  (Lepas),  361. 
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Antedcm,  622. 
AntedODldae,  621. 
Antenna  (In  arthropods), 

328. 
Antennal  scale,  368. 
Antenna!  sinus,  357. 
antennlna  (Antennnlarla), 

109. 
Antennularla»  109. 
Antennule,  827. 
Anterior  canal,  629. 
Antbobothrium,  196. 
Antbomedusae,  98. 
Anthophysa,  28. 
AnthoBoa,  182. 
Antburidae,  874. 
antillarum   ( Centrecblnus) , 

648. 
Antipatbaria,  139. 
Antipatbes,  189. 
Antipatbidae,  139. 
AnMike  spider,  486. 
Anurca,  239. 
Anuneidae,  289. 
Aperture,  of  snail  sbells, 

492,  606. 
Apex,  of  snail  shells,  606. 
Aphanostoma,  169. 
Aphrodita,  284. 
Apbroditidae,  284. 
Apbrotboraclda,  22. 
apicata  (Stomatoca),  98. 
apiculata  (Cbetopleum), 

487. 
Aplacophora,  488. 
Apleza,  511. 
Aplysia,  499. 
Aplysiidae,  499. 
Aplyslna,  85. 
Aplysinidae,  85. 
Aplysioidea,  499. 
Apodidae,  881. 
Aporosa,  147. 
Aporrbais,  549. 
Appendicularla,  658. 
Appendiculariidae,  658. 
appendicnlatas  (Diopbrys), 

63. 
appendicnlatus 

(Hemlurus),  187. 
appendicnlatas 

(Polygordins),  281. 
Apus,  831. 
aqnatica   (Limnocbares), 

448. 
aqnaticns  (Gordins).  227. 
Arabella,  290. 
Arachnlda,  402. 
Aracbnoidea,  400. 
Araneae,  413. 
Araneida,  418. 
Araneus,  425. 


Arbacla,  648. 
Arbaciidae,  648. 
arborea  (Zonltoldes) ,  526. 
arborescens  (Dendronotus), 

501. 
arbnscula  (Cballna),  82. 
arbnscula  <Zootbamnium), 

66. 
Area,  571. 
Arcella,  18. 
Arcellidae,  17. 
Arcbeocytes,  73. 
archeri  (Diplopbrys),  21. 
Archlannelida,  280. 
architecta  (Phoronis),  271. 
Architentbis,  610. 
Arcidae,  570. 
arctica  (Cyanea).  130. 
arctlca  (Limadna),  498. 
arctica  (Sazicaya),  590. 
arenaria  (Mya),  594. 
arenaria  (Ocypoda),  899. 
arenarius  (Clitellio),  810. 
arenarins  (Hanstorius), 

868. 
arenata  (Caudlna),  650. 
arenata   (Molgnla),  665. 
Arenicola,  299. 
aretUcola  (Asterias),  631. 
arenicola  (Cytbereis),  356. 
arenicola  (Lycosa),  438. 
Arenicolidae,  299. 
Argas,  445. 
Argasidae,  445. 
argentea  (Thuiaria),  107. 
Argiope,  425. 
argo  (Argonauta),  612. 
Argonanta,  612. 
Argonautidae,  612. 
Argulidae,  851. 
Argulus,  852. 
argus  (Palinams),  892. 
Argyrodes,  421. 
Aricla,  292. 
Aricildae,  292. 
Ariolimaz,  528. 
Arion,  527. 
Arlonidae,  527. 
Arm  comb,  636. 
Armadillididae,  380. 
Armadillidium,  380. 
armata  (Funicnllna),  138. 
armata    (Trachelomonas), 

82. 
armifera  (Bifldaria),  516. 
armlgera   (Dalyellla),  162. 
armigera  (Segmentina), 

518. 
Arrhenums,  452. 
Artemia,  381. 
Arthrobranchs,  384. 
Arthropoda,  328. 


Arthrofftraca,  864. 
arthusa  (Plumatella),  263. 
Articulamentum,  484. 
Articnlata,  8,  4,  326. 
artlculata  (Opercularia), 

67. 
artlculatus  (Astropecten), 

626. 
Ascaridae,  224. 
Ascaris,  224. 
Ascidia,  667. 
Ascldlacea,  663. 
Ascidiae  compositae,  668. 
Ascidlae  luclae,  671. 
Ascidiae  slmplices,  664. 
Ascidiidae,  667. 
Ascon  type  of  sponge,  72. 
Aacorti8,  76. 
Asellidae,  877. 
Asellus,  877. 
asellus  (Oniscus),  379. 
asensoriatum 

(Stichostemma),  212. 
asperata  (Misnmena),  428. 
aspersa  (Helix),  519. 
Aspidisca,  64. 
Aspldobotbridae,  178. 
Aspidobrancbiata,  529. 
Aspldocotylea,  178. 
Aspldogaster,  179. 
Asplanchna,  236. 
Asplanchnidae,  236. 
Asplancbnopus,  287. 
Astaddae,  890. 
Astacidea,  389. 
Astacus,  890. 
Astarte,  577. 
Astartidae,  577. 
Astasia,  33. 
Astasiidae,  82. 
Aateraeanthion,  631. 
Asterias,  631. 
asterias  (Isocrinns),  621. 
Asteridae,  631. 
Asterina,  629. 
Asterinidae,  629. 
asteriscus  (Pyramidnla), 

622. 
Asteroidea.  623. 
Asterophora,  45. 
Asteropidae,  628. 
Astigmatea,  661. 
Astneidae,  148. 
Astrangia,  148. 
astreoides   (Porites),  147. 
Astropecten,  626. 
Astropbytidae,  638. 
Aatjfria,  557. 
Asymmetron,  678. 
Ataw,  451. 
Atlanta,  652. 
Atlantic  palolo  worm,  290. 
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atlantlciim  (PyrcMoma), 

671. 
Atlantldae,  662. 
Atoke,  288. 
atra  (Ancidla),  667. 
atrica  (ZUIa),  426. 
atropos  (Moira),  646. 
Attldae,  434. 
AttQB,  484. 

aadax  (PbidlppuB),  486. 
audebarti  (Glottldla),  267. 
audonlnl   (Pachylomerus) , 

416. 
Aulactinia,  143. 
aarantla  (Arglope),  426. 
aurantlaca  (Parapolla), 

207. 
auantlacus  (Balanoglos- 

■us),  664. 
anrata  (Mlcarla)»  480. 
Anrella,  180. 

anrella  (Paramecium),  66. 
anreos  (Volvox),  89. 
Auricles,  in  Ctenophora, 

162 ;  in  Planarla,  166 ;  in 

Botifera,  287. 
auricula  (Haliclystus),  127. 
Auricolaria,  614,  647. 
anricularla  (Lymnsa),  610. 
Aoriculldae,  608. 
aurlformlB  (Polygyra),  621. 
anrita  (Aurelia),  131. 
AntolytUB,  287. 
Antoiooids,  187. 
antnmnalis  (Erigone),  428. 
ayara  (Colnmbella),  667. 
avara  (Succlnea),  519. 
Ayicnlarildae,  416. 
Avlcnlarium,  249. 
Avicolldae,  678. 
ayida  (Lycosa),  488. 
Axial  organ,  617. 
Axial  sinus,  617. 
Asygia,  185. 
Asygobranchiata,  682. 

Babbsia,  47. 

bacbei  (Nemopsls),  98. 

bachei  (Pleurobracbia), 

152. 
bairdi  (Octopus),  618. 
bakeri  (Bracbionus),  240. 
Balanldae,  861. 
BalanogloBsida,  668. 
Balanoglossus,  664. 
balanoides  (Balanus),  361. 
Balantldium,  69. 
Balanus,  361. 

balbianii  (Spirocbeta),  26. 
baltica  (Idotbea),  876. 
baltica  (Macoma) ,  698. 
bancroftt  (Filaria),  219. 


banksi  (Onycboteutbis), 

611. 
barbadensis  (Fissurclla), 

681. 
Barnacle,  360. 
bartonl  (Cambarus),  391. 
bastrami   ( Ommatrepbefs) , 

610. 
Basals,  619. 
Basket  flsb,  688. 
Basommatopbora,  607. 
Bdella,  468. 
Bdellidae,  458. 
Bdellodrilus,  806. 
Bdelloida,  284. 
Bdellonemertea,  213. 
Bdelloura,  168. 
Bdellouridae,  167. 
Beacb  fleas,  866. 
Beef  tapeworm.  200. 
Beetle  mites,  442. 
Bela,  662. 
Belemnitidae,  607. 
benedeni  (Tublfex),  310. 
benneti  (Amaurobius),  418. 
Beroe,  164. 
Beroidae,  164. 
beroidea  (Tintinnopsi8),60. 
Bertia,  198. 
beryUnua  iAateraeanthion) , 

681. 
beumeri  (Mesencbytraus), 

808. 
bicarinata  (Valrata),  646. 
bicarinatus  (Planorbis), 

612. 
Bicellarla,  268. 
Bicellariidae,  268. 
Blcidium,  142. 
bicolor  (Lineus),  208. 
blcopbora  (Clytia),  114. 
hieomU  (Eattulus),  241. 
bicuspids tus  (Cyclops)  ,846. 
bidentata    (Opbiacantba), 

687. 
bifarla  (Oxytricba),  68. 
bifida  (Doris),  602. 
Blfidarla,  616. 
blgemlna  (Babesia),  47. 
bllamellata  (Oncbidorls), 

602. 
bilimbosum    (Cochliopo- 

dium),  18. 
himaeulata  (Habnia),  431. 
bimaculatus  (Tetranycbus), 

466. 
biminiensis  (Ptycbodera) , 

664. 
Biomyxa,  19. 
Bipaliidae,  168. 
bipartita  (Dipbyes),  126. 
Bipectinate  gill,  620. 


bipes  (Nebalia),  864. 
Bipinnarla,  614,  625. 
Bird  mites,  440,  444. 
Bird  spiders,  416. 
Birgus  latro,  393. 
biseriatum  (Cbelifer).  409. 
bisuturalis  (Odostomla), 

664. 
Blttium,  646. 
BiyalYia,  481,  667. 
Black  abalone,  682. 
Black  corals,  139. 
Black  sand  shell,  580. 
Bladder  worms,  156^  191. 
Blastostyle,  104. 
blattarum  (Gregarina),  44. 
Blepharisma,  58. 
Blood  clams,  671. 
Blood  worms,  296. 
Blue  crab,  398. 
Blue-foot,  684. 
Bodo,  29. 
Bodonidae,  29. 
Bolina,  163. 
Bolinopsidae,  163. 
Bolinopsls,  163. 
Boltenia,  667. 

bombi  (Spbsrularia),  217. 
Book  scorpion,  409. 
Bo6phUu8,  446. 
Bopyridae,  881. 
Bopyroides,  381. 
borealis  (Clancer),  8^6. 
borealis  (Cerlanthus),  141. 
horealiB  (Pennatula),  137. 
borealis  (Solemya),  569. 
borealis  (Spirorbis).  302. 
borealis  Steatoda),  421. 
borealis  (Veneilcardla), 

677. 
boreas  (Crangon),  886. 
boreus  (VejOTis),  405. 
Bosmina,  336. 
Bosminidae,  336. 
bostoniensis  (Flab^Uina), 

604. 
Bostricbobrsnchus,  665. 
Bothriocepbaloidea,  198. 
Botliriocephalus,  105. 
Bothrioeeptuaus,  194. 
Botbrioneurum,  811. 
Botbrium,  189. 
Botryllidae,  668. 
Botrylloides,  669. 
Botryllus,  669. 
botryoides   (Leucosolenla), 

76. 
botrytis  (Codonoslga),  29. 
BougalnTlIlia,  97. 
Bougainvillildae,  96. 
Bourgueticrinidae,  621. 
bovis  (Demodex),  489. 
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h<^vi9  (Margaropus) »  446. 
Bowerbankla,  260. 
Brachials,  619. 
bracblata  (Moina),  835. 
Brachlolaria,  625. 
Brachlonldae,  289. 
Brachionus,  240. 
brachlonus  (Notops),  287. 
Brachlopoda»  264. 
Brachynra,  894. 
bracbyora  (Daphnella) ,  834. 
BralD  coral,  149. 
Branchelllon,  818. 
brancbialls  (Lernsea),  851. 
brancbianim 

(Anoplophrya),  67. 
Brancbinecta,  881. 
Brancbiobdella,  805. 
Brancbioceriantbus,  91. 
BrancblocerlantbuB 

imperator,  90. 
Brancbiopoda,  829. 
Branchlostoma,  678. 
Brancbiostomldae,  678. 
Brancblpodldae,  880. 
Brancblpus,  880. 
Brancbiura,  851. 
brandaris  (Murex),  555. 
braslUensls   (Peneus),  888. 
brerlcauda  (Heterakis), 

226. 
brevipee  (Rbabdostyla),  66. 
brevis  (Bnoplus),  216. 
breviapina    (Opbloderma), 

686. 
brerlsplnosns  (Cyclops), 

846. 
briareus  (Tbyone),  640. 
Brlsingidae,  688. 
Brit,  840. 
Brittle  stars,  688. 
Brood  sac,  888. 
iHrooksii  (Balanofflossns), 

654. 
Brown  body,  249. 
Brown  bydra,  92. 
brucei  (Trypanosoma),  80. 
bmnnea  (Amphltrite),  295. 
brunnea    ( Plenrobracbia ) , 

152. 
Bryobia,  455. 
Bryozoa,  245. 
Buccal  plate,  684. 
Bucclnidae,  558. 
Bncdnum,  558. 
Bucepballdae,  180. 
Bncepbalns,  180. 
bucera  (Nepbthys),  289. 
Bugula,  254. 
Bnlb  mite,  442. 
bulbifer 

(Rbynchobotbrius),   208. 


BnlimuUdae,  528. 

Bnllmulus,  528. 

balla  (Monostyla),  242. 

bnllinum  (Lembadion),  56. 

Bnlloidea,  406. 

bnlloides  (Globlgerina),  21. 

bumpnsl  (Eplbdella),  174. 

Bnnodera,  185. 

Bnnodes,  148. 

Bunodidae,  143. 

Bursa,  in  Nematodes,  215; 

in  Opbiuroidea,  683. 
Bnrsaria,  59. 
bursarla  (Paramecium), 

56. 
Bursariidae,  68. 
Busycon,  559. 
Butterfly  squid,  609. 
Byssus,  565. 
BytbinU,  541. 

Cabbbia,  258. 
caboH  (Salpa),  662. 
Cacospongla,  85. 
Caddo,  411. 

ceca  (Chiridotea),  876. 
cteca  (Micrura),  208. 
Cfficldotea,  877. 
ciBBpitosum 

(Cepbalothamnium),  28. 
Calamarles,  609. 
(^alamistrum,  414. 
C^alanldae,  840. 
Calanus,  840. 

calcarata  (Laodicea),  117. 
Calcarea,  75. 
California  sbrimp,  886. 
calif ornica  (Aplysia),    490 
calif omica  (Nuttallina), 

488. 
calif  ornica  (Pleodorina), 

88. 
calif  ornica  (Pomatiopsis) , 

548. 
califomica  (Trivia),  550. 
calif omicus  ( Astropecten ) , 

626. 
calif ornicus  (Conus),  561. 
calif  omicus  (Laqueus), 

269. 
califomiense 

(Brancbiostoma),  678. 
calif omiensis  (Helix),  520. 
Caligidae,  849. 
caliginosus  (Helodrilus), 

818. 
Caligus,  349. 
CalUanassa,  889. 
(^allianassidae,  880. 
CalUdina,  285. 
Callinectes,  898. 
Calliobotbrium,  105. 


C^alliopildae,  868. 
Cftllloplus,  869. 
C^alliostoma,  582. 
Callocardia,  591. 
Callus  (in  snail  sbells), 

492. 
Calocalanns,  841. 
Calycella,  112. 
Oilyconectae,  124. 
Calyptoblastea,  104. 
C^yx,  in  Bryozoa,  246;  in 

Crinoldea,  619. 
Cambala,  470. 
cambarla  (Entocytbere) , 

357. 
Cambarus,  890. 
cameo  ((Cassis),  551. 
campanula  (Melicertum), 

117. 
campanula  (Tortlcella), 

65. 
Campanularia,  110. 
Campanularlae,  104. 
Campanulariidae,  110. 
campanulata  (Floscularia), 

288. 
campanulatus    (Planorbis), 

512. 
Campeloma,  544. 
campes tris    ( Agriolimax ) , 

527. 
C^ampodes,  470. 
canadensis  (Grantia),  76. 
canadensis  (Parajulus), 

470. 
canadensU   ( Polydesmus) , 

471. 
Canal  (in  Gastropoda), 

529. 
canallculata    (Tomatina), 

497. 
canaliculatum    ( Busycon ) , 

559. 
canaliculatus 

(Cbffitogordlus),  281. 
Cancellarla,  562. 
Cancellariidae,  562. 
cancellata    ( Leucosolenla) , 

75. 
cancellata  (Venus),  591. 
Clancer,  306. 
Cancridae,  396. 
cancroides   (Cbelifer),  409. 
Candida  (Bdelloura),  168. 
candidum  (Tetrastemma), 

212. 
Candona,  855. 
caninum   (Ancbylostoma), 

223. 
caninum  (Dipylidium), 

199. 
canis  (Ascaris),  225. 
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canlB  (Sarcoptes),  440. 
CantbocamptuB,  848. 
capenta   (Lymnea),  510. 
capillata  (Cyanea)»  130. 
capitata  (Aulactinla),  143. 
capltatuB  (Dendryphante8)» 

435. 
Capltella,  297. 
Capltellidae,  297. 
Capitelliformla,  297. 
Capltulum,  445. 
Caprella,  872. 
CaprelUdae,  872. 
Caprellidea,  872. 
CapuUdae,  588. 
caput-serpen  tlB 

(Terebratulina),  269. 
cara  (Cnpullta),  124. 
Carapace,  326. 
Carcbesium,  66. 
CarcinldeB,  398. 
Carcinonemertes,  209. 
carcinopbtla 

(Carcinonemertes),  210. 
Oareinut,  898. 
Cardiacea,  592. 
Cardildae,  692. 
Cardinal  teetb,  564. 
cardlnallB  (Bdella),  458. 
CardlBoma  ffoanbumi,  894. 
CardiUdae,  576. 
Cardium,  592. 
caribbeum 

(Brancbiostoma),  673. 
carica  (Busy con),  559. 
Caridea,  885. 
Carina,  360. 
Carinarla,  552. 
carinata  (Cyatbnra),   874. 
carina ta  (Hemiclepsis), 

319. 
carinata  (Neomenia),  484. 
Carlnella,  206. 
Carlnellidae,  206. 
Carlnogammams,  870. 
Carinoma,  206. 
carioca  (Hymenolepls), 

200. 
camea  (Cyntbla),  666. 
camea  (Podocoryne),  100. 
carneum  (Alcyonium),  135. 
carollnenslB 

(Bongalnyillia),  97. 
carolinenBls  (Lycosa),  433. 
carolinenBla  (Pelomyza),  15. 
carollnenslB  ( Pbilomycas) , 

528. 
carolinianus  (Centrums), 

406. 
carollnuB  (Vejovls),  406. 
carpenter!  (Oncbidella), 

515. 


Carterlns,  82. 

Cartilage    (In   pelecypods) , 

564. 
Carycbium,  508. 
CasBldldae,  550. 
CaBsis,  551. 

castanea  (Astarte),  577. 
castaneiformlB   (Cyntbla), 

666. 
castaneus  (Lumbricus), 

313. 
eaatanieepa    ( Scolopendra) , 

475. 
Castlaneira,  430. 
Castor  bean  tick,  446. 
Castrada,  163. 
casus  (StepbanocbasmuB), 

185. 
C^at  tapeworm,  201. 
cataracta  (Anodonta),  581. 
catascopium  (Lymnea), 

510. 
catenula  (Pbyllodoce),  286. 
Catenulldae,  161. 
Catbypna,  241. 
Catbypnidae,  241. 
cat!  (Sarcoptes),  440. 
Catometopa,  399. 
catostomi  (Argulus),  362. 
Cattle  tick,  446. 
catula  (Elysla),  505. 
caudata  (Eupleura),  556. 
caudata  (Platydorlna),  38. 
Cauda  turn  (Paramecium), 

56. 
caudatum  (Strombldlum), 

60. 
caudatus  (Bodo),  29. 
caudatuB  (Polycbcerus), 

100. 
caudatus  (Priapulus),  276. 
caudatus  (Tmarus),  428. 
Caudina,  650. 
cayallaria  (Vortlcella),  66. 
cavatica  (Epeira),  425. 
cavatuB  (Hyptiotes),  418. 
cavicolens  (Pblegmacera), 

418. 
Cavolinia,  498. 
cavolini  (Tanals),  873. 
Cavolinlldae,  498. 
celata  (Cliona),  80. 
Cellarla,  254. 
CeUarildae,  254. 
Cellepora,  259. 
Celleporidae,  259. 
CelluUirlldae,  258. 
Cellulose,  34,  055. 
Centlpeds,  473. 
Central  teetb,  480. 
Centrecbinidae,  642. 
Centrecblnolda,  642. 


Centrecbinus,  642. 
Centripetal  canals,  120. 
Centrodorsal,  621. 
Centropages,  342. 
Centropagldae,  341. 
.  CentropyxlB,  18. 
Centruridae,  406. 
Centrums,  406. 
Cepballc  disc,  496. 
Cepballc  gland,  204. 
eephalieua  (Geopbilus), 

474. 
Cepbalina,  43. 
Cepbalocborda,  5. 
Cepbalocbordata,  671. 
Cepbalodiscida,  052. 
CepbalogonlmuB,  186. 
Cepbalont,  42. 
Cepbalopoda,  602. 
Cepbalotbamnium,  28. 
Cepbalotboraz,  326.  400. 
Cepbalotricidae,  206. 
Cepbalotbriz,  206. 
Ceraosponglae,  84. 
Cerata,  500. 
Ceratlne,  133. 
Ceratinella,  423. 
Ceratium,  40. 
ceratopbylli  (Umnlaw), 

284. 
Cercaria,  180. 
Cercomonadldae,  27. 
Cercomonas,  27. 
Cerebral  organ,  204. 
Cerebral  tube,  274. 
Cerebratulus,  208. 
Ceriantbeae,  140. 
Ceriantbus,  140. 
Ceriodapbnla,  836. 
Cerltbiidae,  545. 
Ceritbiopsls,  546. 
cemua  (Pedicelllna),  248. 
cervl  (Parampblstomun), 

182. 
eervieonUa  (Acroporm), 

146. 
Cestida,  153. 
Cestodarla,  192. 
Cestodes,  189. 
Cestodes  (sensu  strlcto). 

192. 
Cestum,  163. 
Cbstoderma,  484. 
Cluetodermatina,  484. 
Cbffitogaster,  309. 
Cluetognatba,  271. 
Cluetogordius,  281. 
Cluetonotldae,  243. 
ClietonotUB,  243. 
cbctopbora 

(Acantbocystts),  23. 
Cluetopleura,  487. 


INDEX 


711 


Cbietopoda,  281. 
Chetopteridae,  298. 
Ctuetopterus,  298. 
Chaiaiathoracida,  28. 
.Ctaalina,  82. 
Cbalinldae,  82. 
cbaroD  (Buplotes),  63. 
Cbarybdeldae,  129. 
Cheese  mite,  442. 
Cbela,  868. 
Cbelanops,  410. 
chelata  (Buratea),  252. 
Chelate  appendage,  868. 
Chellcerae,  401,  418. 
Chelifer,  409. 
chelifer  (Harpacticns), 

848. 
Cheliferldae,  409. 
Chellpeds,  885. 
Chelura,  872. 
Cheluridae,  872. 
Chemes,  410. 
Chestnut  shell,  577. 
Chicken  mite,  444. 
Childla,  169. 
Chillferidae,  54. 
Chllodon,  54. 
Chilognatha,  467. 
Chilomonas,  86. 
Chilopoda,  478. 
Chllostomata,  251. 
Chlridotea,  876. 
ChirocephaluB,  880. 
Chlrodota,  651. 
Chiropsalmus,  129. 
Chiton,  489. 
Chitons,  484. 
Chlamydodontidae,  54. 
Chlamydomonadidae,  86. 
Chlamydomonadina,  86. 
Chlamydomonas,  36. 
Chlamydophorida,  28. 
Chlorhsmidae,  299. 
chlorotica  (Blysia),  505. 
chlorotica  (Teredo),  599. 
chloroticuB  (Helodrilus), 

313. 
Choanocytes,  72. 
Choanoflagellida,  28. 
Chondracanthidae,  851. 
ChondracanthuB,  851. 
Chondrophora,  608. 
Chordata,  652. 
Chordodes,  227. 
Chordonla,  4,  5. 
Chorioptes,  440. 
Cbromomonadlna,  84. 
ohrysaeanthophoruB 

(Echinrus),  815. 
chrysalis   (Plenronema), 

56. 
Ohryaodmug,  558. 


Chrysomonadldae,  84. 
Chthonius,  410. 
Chydonis,  837. 
CIdarldae,  642. 
Cidaroida,  641. 
Cilia,  48. 
CUlata,  50. 

cUiata  (Bicellaria),  254. 
cilia ta  (Eaglypha),  19. 
ciliata  (Grantla),   76. 
cillata  (Microporella), 

256. 
cinclnnatiensis  (Amnicola), 

542. 
cinclnnatiensis 

(Pomatiopsis),  548. 
cinclnnatus  (Thelepus), 

296. 
Cinclides,  138. 
clnctam  (Mesodininpi),  52. 
oinerea  (Epeira),  425. 
cinerea  (Trochosa),  433. 
cinereus  (Urosalpin  z),  556. 
cinereum  (Phalangium), 

418. 
Ciona,  667. 
Clrcinaria,  528. 
Circinariidae,  523. 
Cirolana,  374. 
Cirolanidae,  874. 
Cirratalidae,  294. 
Clrratnlns,  294. 
cirratus  (Cirratnlns),  294. 
Cirripathes,  139. 
Cirripedia,  358. 
Cirrus,  277,  619. 
Cittotienia,  198. 
Cladocarpus,  110. 
Cladocera,  332. 
Clam  worms,  288. 
claparedianus  (Limnodri- 

lus),  311. 
darki  (Gonothyrea),  112. 
darum  (Distoma),  667. 
clathrata  (Luldia),  626. 
Clathrulina,  23. 
clausa  (Natica),  588. 
Clava,  95. 

clavaria  (Porites),  146. 
Clavelina,  668. 
Clavelinidae,  668, 
Clayidae,  94. 
Olepsine,  818. 
Olepsine  plana,  818. 
Clidiophora,  600. 
Clinostomum,  187. 
Cliona,  80. 
Clione,  499. 
Clionldae,  80, 499. 
Clitellio,  310. 
OliteUio  iroratus,  310. 
Clitellum,  303,  816. 


Clover  mite,  455. 
Oubiona,  429. 
Clubiontdae,  429. 
Clymenella,  299. 
clymenellae  (Monocystls), 

46. 
Clypeaster,  644. 
Clypeastrldae,  644. 
Clypeastroida,  644. 
aytia,  114. 
Cnemldocoptes,  440. 
Cnidae,  89. 
Cnldaria,  86. 
Cnidoblast,  86. 
Cnidocil,  86. 
coarctatus  (Hya8),895. 
Cob-webs,  415. 
Coccidiida,  46. 
Ooooidium,  46. 
coccineum  (Tristoma),  174. 
cochlearis,  (AnunBa),239. 
Cochlicopa,  517. 
Cochllcopidae,  517. 
Cochliopodium,  18. 
Cochlodesma,  601. 
Cockle,  592. 
Cocoon,  303,  316. 
Codoneca,  27. 
Codonecidae,  27. 
Codonocladium,  29. 
Codonosiga,  29. 
Coelata,  160. 
C<Blenterata,  4,  70. 
Coelomata,  4. 
CoBnenchym,  184. 
Coenurus  cerebralis,  202. 
C€Bnuru8   (Tania),  202. 
coeruleus  (Stentor),  59. 
Colfee-bean  shells,  550. 
Colacium,  82. 
coleoptorum  (Gamasus), 

444. 
Coleps,  52. 

coll  (Balantidium),  59. 
coli  (BntamcBba),  16. 
Collar  (mollu8ks),492. 
Collar  cells,  72. 
Collar  flagellates,  28. 
Collencytes,  73. 
coloradensis  (Branchi- 

necta),  831. 
Colpidlum,  55. 
Colpoda,  55. 

colpoda  (Colpidium),55. 
columbae  (Megninia),441. 
Columbella,  557. 
Columbellldae,  557. 
columbianus  (Ariolimax), 

528. 
Columella   (of  snail  shell), 

492. 
columella  (Iiymn»a),509. 
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Coluridae,  242. 

coluru«  (Monura),242. 

Comactlnla,  623. 

Comasteridae,  622. 

Comatula,  622. 

Combs,  in  ctenophores,  150 ; 

in  Bcorplong,  405. 
Commercial  sponges,  84. 
commlssuralls  (Obelia), 

113. 
Common  star,  681. 
communis  (Asellus),  377. 
communis  (Cborioptes), 

440. 
communis  (Diplocardia), 

311. 
communis  (Lyco8a),433. 
compacta  (Suberites),79. 
complanata  (Alasmldonta), 

582. 
complanata  (Glossipbonia), 

318. 
complanatus  (Unio),  583. 
Complementary  male  (in 

Cirrlpedla),358. 
Compound  eye,  324. 
compressa  (Ampelisca), 

368. 
compressum  (Qleno- 

dinium),  41. 
compressum  (Pisidium), 

587. 
concava  (Clrcinarla),  523. 
concaya  (Koenikea),452. 
concentrica  (Neoliodes), 

443. 
concharum  (Clrolana),  374. 
concharum  (Polydora)» 

293. 
concbicola  (Aspido- 

ga8ter),179. 
Conchifera,  567. 
Conchoderma,  361. 
Concb(£cia,  358. 
Concbs,  548,  559. 
concinna  (Porella),258. 
Condylostoma,  59. 
confoederata  (Salpa),062. 
Congeria,  5S4. 
conica  (Creseis),  499. 
conica  (Cyclo8a),425. 
conicum  (Paiampblsto- 

mum),  182. 
Conidae,  561. 
Conjugation,  12. 
conklini  (Dinophilus),  280. 
Conochilus,  234. 
conradi  (Tbracla),  601. 
conapcraa  (Graphosa),  419. 
constellatum  (Amarou- 

clum),  670. 
constricta  (Difflugia),  17. 


contectoldes  (Vivipara), 

544. 
contorta  (Astasia),  33. 
contracta  (CorbuIa),595. 
Contractile  vacuole,  12. 
Conus,  561. 
convaliarla  (Vortlcella), 

65. 
conyexa  (Clallocardia),  591. 
conveza  (Crepidula),  539. 
convezus  (CyliBticus),879. 
Convolutidae,  159. 
Copepoda,  339. 
Copeus,  238. 
cophocerca  (Olkopleura) 

669. 
Corallldae,  186. 
Corallium,  136. 
Corals,  132. 
Coras,  431. 
Corbula,  595. 
Cordylopbora,  96. 
coriacea  (Fontaria),472. 
Cornulariella,  184. 
Cornulariidae,  134. 
comutus  (AutoIytu8),287. 
comutus  (Cbondra- 

canthus) ,  351. 
Corona,  230,  639. 
corona  (DilBugla),  18. 
coronata  (Doto),504. 
corona ta  (Bplielota),68. 
Corona  tae,  127. 
corona  turn  (Polystoma), 

176. 
Coronula,  862. 
Coronulidae,  362. 
Corophiidae,  371. 
Corophium,  371. 
corticaria  (Bifldaria),510. 
Corymorpba,  101. 
Corymorpbidae,  101. 
Corynidae,  95. 
Coryphella,  504. 
costata  (Alasmidonta), 

582. 
costata  (Pbolas),  597. 
costata  (Sillqua),  595. 
costata  (yalIonia),518. 
Cotbumia,  67. 
Cotylaspis,  179. 
Cotylea,  171, 
Cotylogaster,  178. 
coutbouyi  (Tubularia),  103. 
Cowries,  549. 
Coxal  plate,  448. 
Crab  spiders,  427. 
Crabs,  394. 

•cracberodl  (Haliotl8)r532. 
Cranchlidae,  612. 
Crangon,  386. 
Crangonidae,  386. 


Ccania,  268. 
Cranildae,  268. 
Craspedacusta,  119.  ' 
Craspedomonadldae.  28. 
Craspedsomldae,  470. 
Craspedote  medusa,  RS. 
crassa  (Bunicea),  137. 
Crassatellltes,  577. 
CrasaateUittdae,  677. 
crasalcaudum  (Tricho- 

8oma),221. 
crasslcolis  (Taenia),  201. 
crassicomis  (Tealla),  143. 
OTMtfipaZpto  (Clubiona), 

429. 
Crassobotbrium,  196. 
cratlcula  (Membianipora), 

266. 
cratoparia  (Asteropbora), 

46. 
Crayiisb,  390. 
crenatus  (Balanua),  362. 
Crenella,  672. 
Crepidula,  539. 
Creseis,  499. 
Cribellum,  414. 
OribreUa,  629. 
Cribriform  organs,  627. 
Cribrilina,  256. 
CribrUinidae,  256. 
CriDoidea,  619. 
CrisU,  260. 
Crlsiidae,  250. 
crlspata  (Zirpbsea),  698. 
crlspatus  (Ctenodiscos), 

627. 
cristata  (Arenicola),  299. 
Cristatella,  264. 
Cristatellidae,  264. 
crlstallinus  (Lophopus). 

268. 
orocata  (Castlaneira),  430. 
crocea  (Tubnlaria),  104. 
Crossobotbrium,  196. 
crotali  (Poroceplialns),457. 
Crudbulum,  539. 
Crustacea,  326. 
Cryptocbiton,  489. 
Cryptodon,  585. 
Cryptoglena,  82. 
Cryptomonadldae,  35. 
Cryptomonas,  36. 
Cryptopbialus,  358. 
Cryptops,  475. 
crystallina  (Cotbumia),  67. 
crystallina  (Sida).  333. 
Crystalline  rod,  566. 
crystallinus  (Oeclstes),  234. 
Ctenidia,  480,  665. 
Ctenobrancbiata,  634. 
Ctenodiscus,  €27, 
Ctenopbora,  160. 
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CtenoBtomata,  269. 
cabanum  (Mysostoma), 

822. 
Cubomedusae,  128. 
Cncnlanns,  224. 
cacuUnltts  (Chllodon),  54. 
cucnlluB  (Colpoda),  65. 
Cucumeria,  649. 
Cucomerildae,  649. 
cuoumerinum  (Dlpylidlum), 

199. 
cucumeria  (TetranycbUB) , 

456. 
cncumlB  (BeroS)»  164. 
Cumacea,  384. 
cumanense  <  Slpbonosoma ) , 

276. 
Cumliigla,  689. 
cummlngl  (Ibla)»860. 
cuniouU  (Bimerla),  46. 
Cunlna,  121. 
Cunoctantba,  121. 
Cup-and-sauccr  limpit,  689. 
ciiprea  (Diopatra),  290. 
cupressina  (Tbularla),  108. 
Cupulita,  124. 
curticome  (Bztinosoma) , 

348. 
Curvipes,  461. 
Cospldaria,  602. 
CuBpidarlldae,  601. 
Cuttle  bone,  608. 
Cuttle  flsb,  608.    . 
Cuvier's  organs,  640. 
Cyanea,  130. 
Cyaneldae,  130. 
cyanella  (Pelagia),  129. 
Cyatbocephalinae,  194. 
Cyatbocepbalus,  194. 
Cyatbomonas,  36. 
CyatburL,  374. 
Oyclas,  686. 
Cycloc(Blidae,  181. 
Cycloccelum,  181. 
Cyclometopa,  396. 
Cyclopbyllidea,  197. 
Cyclopidae,  346. 
Cyclops,  346. 
Cyclosa,  426. 
Cyclosalpa,  662. 
Cyclostomata,  260. 
C|7clo8tomu8  (Urceolu8),8S. 
Cydippida,  162. 
Cylicbnella,  497. 
cylindricum  (Coropblum), 

371. 
Cylisticus,  379. 
Cymotboldae,  376. 
Cyntbia,  666. 
Cyntbildae,  666. 
Cypboderia,  19. 
Cypbonantes,  260. 


Cypnsa,  549. 
Cypneldae,  649. 
Cypria,  365. 
Cypridae,  363. 
Cypridinldae,  367. 
Cyprldopsis,  366. 
Cyprlna,  578. 
Cyprinidae,  678. 
Cypris,  864. 
Cyrenidae,  686. 
Cyrtoceras,  606. 
Cyrtodaria,  696. 
Cysticercoid,  191. 
Cysticercus,  191. 
Cystlcercus  bovls,  200. 
Cysticercus  cellulosae,  201. 
Cysticercus  fasclolaris,  202. 
Cysticercus  pisiforods,  201. 
Cysticercus  tenuicollis,  201. 
Cystlci,  166. 
Cystobrancbus,  818. 
C^stoflagellldia,  41. 
Cystonectae,  123. 
Cytberels,  366. 
Cytberldae,  366. 
Cyzicus,  332. 

Dacttlombtua,  130. 
Dactylopboridae,  44. 
Dactylospberium,  16. 
Dactylozoolds,  93, 122. 
Daddy  longlegs,  410. 
Daisy  brittle  star,  636. 
Dalyellia,  162. 
Dal^elliidae,  162. 
danae  (Astrangla),  148. 
Dapbnella,  334. 
Dapbnia,  334. 
Dapbnidae,  384. 
Dart  sac,  619. 
Dasydytes,  244. 
Datames,  408. 
Davalnea,  200. 
Davaineldae,  200. 
davenportl  (Loxosoma), 

247. 
davenportl  (Microstomum), 

162. 
davldoffl  (Tintinnopsls), 

60. 
Dead  men's  fingers,  82. 
dealbatus  (Bulimulns),  523. 
debilis  (Diapbana),  497. 
Decapoda  (Crustacea),  384. 
Decapoda  (Mollusca),  607. 
decemcostata  (Neptunea), 

669. 
decisum  (Campeloma),544. 
decora  (Macrobdella),  320. 
deflectus  (PIanorbi8),613. 
delpbinodonta  (Nucula), 

668. 


demlsBUB  (Modiolus),  672. 
democratica  (Salpa),662. 
Demodez,  439. 
Demodicidae,  439. 
Demospongiae,  78. 
Dendroclavidae,  102. 
DendrocGBlum,  166. 
Dendronotidae,  600. 
Dendronotus,  601. 
Dendrosoma,  69. 
Dendrosomldae,  69. 
Dendrypbantes,  436. 
dentate  (Dentalium), 491. 
Dentalildae,  491. 
Dentalium,  491. 
Dentary  apparatus,  640. 
dentata  (Antedon),  622. 
dentata  (Arcella),  18. 
dentata  (Hyalella),  868. 
dentlculatum  (Doliolum), 

661. 
dentlculatum  (Penta- 

stomum),  467. 
Dentlculns  elephantls,  490. 
depressa  (Ampnllarla),  646. 
depressus  (Panopeus),  397. 
derbami  (Tegenaria),431. 
Dermacentor,  447. 
Dermaleicbidae,  440. 
Dermaleiohue,  441. 
Dermanyssus,  444. 
Dermasterlas,  628. 
Dero,  309. 
descripta  (C^istianelra), 

430. 
deses  (Euglena),32. 
Desmotboraclda,  23. 
Desor's  larva,  206. 
despectus  (Tergipes),606. 
despiciens  (Dlplodontus), 

450. 
Deutomerlte,  48. 
DevU'flsb,  602,  618. 
Diadema,  642. 
dladema  (Coronula),  362. 
diademata  (Tlaropsis),  114. 
dianthua  (Hydroides),  302. 
Diapbana,  497. 
DiaptQmus,  343. 
Dlastylldae,  384. 
Diastylis,  384. 
Dibothriocephalus,  194. 
Dibothrium,  196. 
Dibrancbiata,  606. 
dibrancbiata  (Glycera), 

291. 
Dicbelestlidae,  860. 
Dicbelestium,  360. 
dicbotoma  (Amatbia),261. 
dichotoma  (Obella),113. 
dicbotoma  (Plezanrella), 

137. 


714 


INDEX 


Dlclidophora,  176. 
Dictyna,  418. 
Dictynldae,  418. 
Dtctyocaulns,  222. 
Dldemnum,  671. 
Dldemnidae,  670. 
Dtdlnlnm,  52. 
dlfferens  ('nierldloii),422. 
Difflngla,  17. 
diffufla  (Ocallna),148. 
4iff>U9a  (Plumatella)p  268. 
Dlg^nea,  179. 
DlgeDetic  trematodes,  172. 
digltale  <Perldlniam),40. 
digitalis  (Aglantha),  120. 
digltatum  (Cochllopodinm), 

18. 
dilatata  (Bachlanls) ,  242. 
DileptuB,  68. 
dlmlnuta  (Hymenolepls), 

200. 
Dina,  821. 
I>lniferlda»40. 
DiDobryon,  84. 
Dinocharidae,  240. 
DlnoflagelUdia,  80. 
Dinophilidae,  280. 
Dlnophilns,  280. 
Dinophjraldae,  41. 
Dloctophyme,  222. 
dlogenes  (Camlmrua),  892. 
Dlopatra,  290. 
Dlophrys,  68. 
Diotocardla,  529. 
Dlphasia,  107. 
Dlphyes,  125. 
Diphyidae,  125. 
DiphyllobQtbrltdae,  198. 
Dlphyllobothrlinae,  194. 
Diphyllobothriniii,  194. 
Dlplocardla,  811. 
Dlplocentms,  405. 
DiplodiscuB,  182. 
Dlplodontas,  450. 
Dlplogaster,  217. 
Diplophrys,  21. 
Diplopoda,  467. 
DiploBtomum,  188. 
Dipneumones,  416. 
Dlpurena,  96. 
Dlpylidlidae,  199. 
Dipylldlum,  199^ 
Directives,  138/ 
directuB  (Ensf8),595. 
Discocotyle,  176. 
DlscodrUfldae,  805. 
discolor  (HoIophrya),51. 
Dlsconectae,  128. 
DiMoporella,  251. 
discors  (Modiolarla),  572. 
discus  (Dosinla),  591. 
dlslocata  (Terebra),  561. 


dlspar  (Badendrlnm),  99. 
Dissepiment,  277. 
distlchus  (Pterodriliis), 

806. 
Distoma : 

in  Trematodes,  172. 

in  Tonlcata,  669. 
Dlstomata,  182. 
DIstomlda,  182. 
Distomidae,  669. 
Ditremata,  514. 
Diurella,  241. 
divarioaia  ( Port tes),  147. 
divergens  ( Perldinlum) ,  40. 
diversa  (JBolidia)»508. 
diyerslcolor  (Aphanoa- 

toma) ,  159. 
divisa  (Acineta),  68. 
divisns  (Tagelns),  596. 
DocogloBsa,  580. 
dodgei  (Dalyellia),  162. 
Dog  tick,  447. 
DolichogloBSQS,  654. 
Doliidae,  550. 
Doliocystidae,  45. 
DoUocystis,  45. 
Doliolnm,  661. 
Doliam,  560. 
Dolomedes,  482. 
domicilionim  (Bpeira), 

426. 
Donacidae,  589. 
Donax,  580. 
Dorididae.  502. 
Doridloidea,  501. 
Doris,  502. 
Dorsal  lamina,  656. 
dorsalis  (Oerstedia) ,  218. 
dorsalis  (Pallifera),  528. 
dortocephala  (Planarla), 

166. 
Dorylaimns,  216. 
Dosinla,  591. 
Doto,  504. 
Dotonidae,  504. 
draco  (Ptero8agitta),272. 
Drassidae,  419. 
Drassus,  419. 
Drelsseniidae,  584. 
drobachlensis  (Strongylo- 

centrotus),644. 
dubla  (Llbinla),895. 
dujardinl  (Bchinoderes), 

244. 
dujardinl  (Halisarca),  86. 
duodedmalis  (Bucheilota), 

115. 
duodenale  (Anchylostoma), 

228. 
duplicata  (Natlca),  587. 
dupllcatus  (Astropecten), 

626. 


duttoni  (TibeUa8),429. 
Dwarf  tapeworm,  200. 
Dysdera,  419. 
Dysderidae,  419. 
dysentarlae  (Bntamfl^ba), 
16. 

Bab  SHBLLB,  681. 
Earthworms,  812. 
Bbo,  428. 

ebnmea  (Crisla),250. 
ebnmena  (Balanus),  862. 
Bcardlnea,  267. 
Bcheneibothrinm,  197. 
Bcbinarachnlns,  644. 
BSchinaster,  629. 
Bchinasteridae,  629. 
echlnata  (Cynthia),  667. 
echinata  <Hydractlnla), 

100. 
echinata  (Thenea),  78. 
echinatnm  (Echlnostoma), 

184. 
Bchinids,  648. 
Bchiniscns,  458. 
Echinocephalns,  44. 
EfChinococcns,  202. 
Ekrhinococcns  polymorphos, 

202. 
eehinoeoocma  (Tenia),  202. 
Bchinoderes,  244. 
Bchinoderidae,  244. 
Bchinodermata,  614. 
Bchinoidea,  688. 
Bchlnomera,  44. 
Bchinorhynchidae,  229. 
Bchinorhynchus,  229. 
Bchinostoma,  184. 
Bchinothurildae,  642. 
Bchlurida,  814. 
Bchlums,  815. 
Bctinosoma,  848. 
Bctocyst,  245. 
Ectoplenra,  102. 
Bctoprocta,  248. 
Bctosarc,  11. 
edatf  (Cyclops),  846. 
edentulos  (Strophitns), 

581. 
Edible  crab,  898. 
Edible  mussel,  571. 
Edible  snail,  519. 
Edotea,  877. 
edulis  (MytilU8),571. 
edwardsi  (Lepeoph- 

thelru8),850. 
edwardsi  (Pontocyprls), 

855. 
edwardsi  (Psendocyther- 

etta),856. 
edwardsi  (Scyllea),  500. 
Bdwardsla,  140. 
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EdwardBlae,  180. 
ESdwardBlella,  140. 
Belwomip  224. 
BgS  sacs,  380, 839. 
ehrenbergl  (Meaostoma), 

163. 
ehrenbergl  (Paladicella), 

261. 
eichhoml  <Actlno8pli»- 

rlum>,23. 
eiohhomi  (Stephanoceras), 

233. 
Blmerla,  46. 
elseni  (PerliMitu8),463. 
eiaeni  (Sparganopblliui), 

312. 
Bisenia,  318. 
Elsenlella,  814. 
ElasmopuB,  370. 
electus  (Dennacentor), 

447. 
elegans  (CalUdlna),  235. 
elegans  (Clathmlina),  23. 
elegans  (Cncnlanus),  224. 
elegans  (Bdward8ia),140. 
elegans  (Eudorina),  38. 
elegans  (Fungla),  160. 
elegans  (Glossiphonla) » 

318. 
elegans  (Gyrodactylus), 

177. 
elegans  (Baphldlopbrya), 

23. 
elegans  (Sagltta),  272. 
elegans  (Tetrastemma), 

212. 
elegans  (Turbonilla),  554. 
'  elephantls  (Denticnlus), 

490. 
elevatnm  (Plenrocera), 

547. 
elingnis  (Nais),808. 
elliptlcas  (Renifer),  185. 
elUpticus  (Stylocbns),  170. 
ellisi  (Caberea),253. 
Bloactls,  142. 
elodes  (Lymn»a),510. 
eUmgata  (Maldane),  298. 
elongata  (Monas),  28. 
elongaia  (Physa),  512. 
Elysla,  505. 
Elysiidae,  506. 
Elysloldea,  504. 
Elytra,  284. 
emarginata  (Galtimna), 

448. 
emarginata  (Llblnla),  395. 
emersoni  (Amlcala), 489. 
emlssarins  (Haplotaxis), 

306. 
Ehnplectonema,  209. 
Bmplectonematldae,  209. 


empusa  (Pallene),460. 
empusa  (Squllla),  384. 
Bnchelinidae,  50, 61. 
Bnchelys,  51. 
Bnchytrsldae,  806. 
Bncbytnens,  307. 
Enchytrwus  iriventrdlO' 

peotinatua,  309. 
BIncope,  645. 
Bncystment,  12. 
endeca  (Solaster),  630. 
Endltes,  414. 
Endodontldae,  522. 
Bndopodite,  826. 
Bndostyle,  656b 
EnopUdae,  216. 
Bnoplobranchus,  296. 
Bnoplns,  216. 
Bnsis,  595. 

entale  (Dentallum),491. 
BhitamoBba,  16. 
Bnteropneusta,  652. 
Entoconcba,  494. 
Bntocytbere,  357. 
Entomostraca,  828. 
Bntoprocta,  246. 
Bntosarc,  12. 
Entoslpbon,  34. 
Entosoa,  156. 
entozoon  (Balantidlum), 

59. 
Eoplacopbora,  486. 
Bpeira,  425. 
Epelridae,  424. 
Ephelota,  68. 
Ephippium,  883. 
ephippium  (Anomia),570. 
Bpbydatla,  81. 
Epbyra,  125. 
Ephyropsidae,  128. 
Epiactls,  143. 
Eplbdella,  174. 
Bpiblemum,  435. 
Bpicardlum,  670. 
BplcUntes,  61. 
Eplgynnm,  416. 
Bplmerlte,  48. 
Bplpbragm,  506. 
Eplpodlum,  479. 
Bplscbura,  848. 
Epistome,  In  Bryozoa,  246, 

262 ;  in  Pboronldea,  270 ; 

in  Acarlna,  486. 
Eplstylis,  66. 
Epitoke,  288. 
Epizoantbus,  141. 
equina  (Hlppospongia),  86. 
equlnus  (Strongylus),  224. 
eqaorum  ( Ascaris) ,  225. 
erecta  (Pottsiella),  262. 
eremita  (Phascolosoma), 

275. 


Bremobates,  408. 
Brgasidae,  348. 
Brgasilus,  849. 
Erichsonella,  377. 
Brlgone,  423. 
Brineum,  438. 
Briopbyes,  488. 
Briophyidae,  438. 
Brycinldae,  585. 
erytbropygns  (Eurynrus), 

472. 
Bacbaridae,  257. 
escnlenta  (Rbopllema),  181. 
escnlentus  (Trlpnenstes), 

648. 
Bsperella,  88. 
Esperellidae,  88. 
Eatheria,  332. 
Eteone,  286. 
Eucheilota,  114. 
Buchlanidae,  242. 
Bnchlanis,  242. 
Bucldarls,  642. 
Euconulns,  526. 
Eucopepoda,  340. 
Eucopidae,  112. 
Eucratea,  252. 
Encrateldae,  252. 
Eudendrlidae,  98. 
Budendrlum,  98. 
Badorina,  38. 
Budoxla,  125. 
Euglandina,  524. 
Buglena,  81. 
Euglenlda,  31. 
Buglenidae,  31. 
Bnglypha,  19. 
Euglypbldae,  19. 
Eugyra,  665. 
Bukrobnia,  272. 
Bulalia,  286. 
Bulamelllbrancliiata, 

575. 
Bulima,  653. 
Bullmldae,  553. 
Eunice,  289. 
Bunicea,  186. 
Euplectella,  77. 
Euplectellidae,  77. 
Buplenra,  556. 
Buplotes,  63. 
Eaplotldae,  63. 
Earyalae,  638. 
Euryale,  685. 
Eurycercas,  836. 
Eurypanop€U8, 397. 
Eurypauropodldae,  467. 
Eurypauropos,  467. 
Enrytemora,  342. 
Burynms,  472. 
Baspongia,  84. 
Euatrongylua,  222. 
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Euthyneura,  494. 
ButhyneurouB  gastropods, 

498. 
Butima,  116. 
Butreptia,  82. 
Bvadne,  838. 

evansi  (Trypanosoma),  80. 
ezacutns  (Planorbis),  513. 
exanthema  (Cyprea),  650. 
exdsus  (Nothrus),  443. 
exlgua  (Lirlope),  120. 
exlguum  (Carychlum),  608. 
exlmlus  (Polydrrus),  296. 
Bxopodlte,  826. 
exotica  (ligyda),  880. 
expansa  (Monlezla) ,  199. 
exsculpta  (Cyprla),856. 
extendens  (Eylal8),449. 
extensa  (Tetragnatha), 

427. 
Bxumbrella,  88. 
Bxuvlella,  89. 
Bylainae,  448. 
Bylals,  448. 

Fabricia,  801. 
fabricii  (P8olu8),650. 
Fftiry  shrimp,  880. 
falcata  (Hydrallmania), 

108. 
falciparum  (Plasmodium), 

47. 
fallax  (Diphasia),  107. 
fattaw  (Pupoides),  516. 
jfamlliaris  (Marplssa),485. 
fareta  (Urotricha),  51. 
farinacea  (Halcampa),  142. 
farinae  (Tyroglyhus),  442. 
fascia tus  (Gammarus), 

870. 
fascicularls  (Lepa8),860. 
fasciculatus  (Polyxenus), 

478. 
Fasciola,  188. 
fasclola  (Lionotus),  58. 
Feather-stars,  019. 
ferox  (Amauroblus),  418. 
ferussacianus  (Anodon- 

toides),588. 
fervida  (Herpobdella),  821. 
festivus  (Murex),  555. 
flbrexills  (Esperella),  83. 
Fiddler  crabs,  899. 
Filaria,  219. 

fllaria  (DictyocauIus),222. 
Filarlidae,  219. 
Fllibranchlata,  570. 
fllif  ormis  ( Erichsonella ) , 

377. 
fllif  ormis  (Notomastus), 

297. 
Filistata,  419. 


Filiatatldae,  419. 
Fllograna,  802. 
fllosa  (Lucina),586. 
fimbria  (Tubullpora),  251. 
flmbriata  ( Ammotrypane) , 

298. 
fimbriata  (Gyrocotyle), 

192. 
flmbriata  (Xylotrya),599. 
flmbriatus  (Stephanoceros), 

288. 
Final  host,  180, 191. 
Finger  shell,  549. 
Finger  sponge,  82. 
flnmarchicus  (CJalanus), 

840. 
flssiceps  (Ceratinella),424. 
Fissurella,  581. 
Fissurellldae,  581. 
flstulosa  (Cellarla),  254. 
flabellaris  (Tubullpora), 

250. 
flabellata  (Bugula),  254. 
Flabellina,  504. 
Flabellum,  147. 
flabellum  (Gorgonia),  186. 
flabellum  (Oikoplenra), 

659. 
flaccida  (Ophiomyxa),687. 
Flagellata,  24. 
Flagellate  chambers,  72. 
Flagellidla.  25. 
flagelllf ormis  (Aplysina), 

85. 
Flagellum,   in   crustaceans, 

827,  863;  in  gastropods, 

519 ;  in  protosoans,  24. 
Flame  cells,  156. 
Flatworms,  150. 
flavicans  (Bplstylis),  66. 
flavicomis  (Campodes), 

470. 
flavldula  (Aurelia),  181. 
flavidus  (Spintharus),  421. 
flavus  (Limax),  526. 
flexilis  (Cladocarpus),  110. 
flexuosa  ((}ampanularla), 

111. 
Float,  262. 

Florida  crayfish,  892. 
flaridana  (Holothuria), 

649. 
floridana  (Monocotyle), 

175. 
floridana  (Waldheimla), 

269. 
floridanus  (Conus),  562. 
Floscularia,  282. 
Floscularildae,  232. 
Flukes,  171. 
Fluminicola,  542. 
Flustra,  255. 


Flustrella,  260. 
Flustrellidae,  260. 
Flustridae,  255. 
fiuviatau  (Anodonta),  581. 
fluyiatilU  (Bphydatia),81. 
Flying  squids,  610. 
fcetida  (Eisenla),  313. 
f ollacea  ( Amphllina) ,  192. 
foliacea  (Dictyna),418. 
f ollacea  (Flustra),  255. 
follata  (Lnidia),627. 
foliata  (Epelra),425. 
Xoliatum  (Phyllobothrlum), 

197. 
folium  (Asterlna), 629. 
folium  (Leptoplana),  171. 
folliculorum  (Demodex), 

489. 
fontanus  (Dolomedes),  4S2. 
Fontaria.  472. 
fontariae  (Amphorotdes), 

46. 
fontinalis  (LernflBopoda), 

851. 
Food  vacuole,  12, 49. 
Foot  (in  mollusks) ,  479. 
Foraminlfera,  14, 21. 
forbesi  (Asterlas),  631. 
forbeti  (Cyclops), 346. 
forceps  (8cutigera),477. 
Forctpulata,  681. 
forflcatus  (Lithoblu8),476. 
forficula  (Furcularia), 

238. 
formica  (Synemosyna), 

436. 
formldabllis  (Eremobates), 

408. 
formosa  (Heteromysis), 

383. 
formosa  (Tlma),  115. 
fomicata  (Crepidula),  539. 
forskali  (Bero«),154. 
foBBor  (Donax),  589. 
fossularis  (Stylaria),  809. 
fossulata  (Unionlcola), 

451. 
fragilis  (Ascortis),76. 
fragllis  (Janthina),  535. 
fragilis  (Leucosolenia),70. 
fragilis  (Scolopos),292. 
fragilis  (Spongilla),  81. 
franciscana  (Artemla),  831 
ftanciscorum  (Crangon), 

386. 
Fredericella,  262. 
Fredericellidae,  262. 
Fredericia,  807. 
French  snail,  519. 
Fresh-water  dams,  578. 
Fresh-water  mites,  447. 
Fresh-water  mussels,  578. 
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Fresh-water  ollsocbccts, 

808. 
Fresh-water  snails,  506. 
Fresh-water  sponges.  80. 
Fringed  tapeworm,  199. 
Frltillarla,  659. 
f  rondeum  (Therldlon) ,  422. 
frondosa  (Cucumerla),  649. 
Frontal  appendages,  830. 
Frontal  organs,  206. 
Frontonia,  54. 
fucata  (Leodice),  290. 
fulgens  (Haliotis),  632. 
Fulgur,  659. 
fulgurans  (Nerita),  634. 
fnlgurans  (Podocoryne), 

100. 
fullglnosa  (Omphallna), 

625. 
fulva  (Cyanea).  130. 
fulva  (Llnotsnia),  474. 
fnlvns  (Euconulns),  526. 
funduli  (Argulus),  852. 
fnnduli  (PiscicoU),  317. 
Fnngacea,  149. 
Fungia,  160. 
Funglidae,  150. 
Fnniculina,  138. 
Fnnicullnldae,  188. 
Funiculus,  248. 
Funnel,  602. 
Funnel-web  spiders,  480. 
Furca,  839,  852. 
furcata  (Fritillaria),  659. 
fureata  (l^orites),  147. 
Furcularla,  238. 
(fusca  (Glossiphonia),  9,18. 
fusca  (Hydra),  92. 
fusca  (Odostomia),554. 
fuscata  (Cypris),854. 
fuslformUi  (Rhizogeton), 

95. 
fusiformis  (Salpa),  662. 
fQsus  (Ceratium),  41. 

OALBA  <Hyperia),866. 
galea  (Dollum),  550. 
Gall  mites,  438. 
galllnae  (Dermanyssus), 

444. 
Galumna,  443. 
Gamasidae,  448. 
Gamasus,  444. 
gambiense  (Trypanosoma), 

80. 
Gammaridae,  869. 
Gammarldea,  366. 
Gammanis,  869. 
gardeni  (Mnemiopsis),  163. 
gardineri  (Anaperus),  159. 
gardineri  (Dlnophilus), 

280. 


gasterostei  (Schlsto- 

cephalus) ,  194. 
Gasterostomata,  180. 
Oaaierostomum,  180. 
Gastranella,  688. 
Gastrodonta,  626. 
Gastropoda,  492. 
Gastrotricha,  243. 
Gastrovascular  space,  86. 
Gastrosooid,  93, 122. 
gayl  (Sertularella),  106. 
Gebla,  389. 
OeloHmus,  399. 
gelatinosa  (Obelia),  114. 
Gem  shell,  591. 
Gemellaria,  253. 
Gemma,  591. 
gemma  (Gemma),  591. 
Gemmaria,  96. 
gemmosa  (Gemmaria),  96. 
Gemmules  of  sponges,  78. 
geniculata  (Obelia),  114. 
Genital  bursa,  633. 
Genital  plate,  640. 
Geodla,  78. 
Geodiidae,  78. 
geographica  (Hydrachna), 

449. 
geometrica  (Caprella),372. 
Geonemertes,  210. 
Geophllidae,  474. 
Geophilus,  474. 
Geoscolecldae,  812. 
Gephyrea,  272. 
Geryoniidae,  120. 
geeserensifi  (Linens),  207. 
Giant  clam,  589. 
Giant  scallop,  676. 
Giant  squids,  610. 
gibberosa  (Mangora) ,  427. 
glbbosus  (Unio),583. 
gibbus  (Tagelus),  596. 
Gid  tapeworm,  202. 
gigantea  (Gnaphosa),  419. 
gigantea  (Scolopendra), 

475. 
glganteus  (Biastigoproc- 

tus),407. 
Gigantorhynchidae,  230. 
Gigantorhynchus,  230. 
gigaa  (Dioctophyme) ,  222. 
gigas  (Epeira),426. 
gigas  (Gigantorhynchus), 

230. 
glgas  (Strombus),  548. 
glgas  (Tridacna),592. 
Girdle  (in  Chitons),  484. 
glaber  (Bothrioneurum), 

811. 
glabrum  (Myzostoma),  822. 
glandula  (Crenella),  573. 
Glass  sponges,  77. 


Glenodinium,  41. 
globator  (Tolvox),  89. 
Globigerlna,  21. 
Globigerinidae,  21. 
globosa  (Bpeira),426. 
globulosa  (Diffugia),  17. 
Glochidium,  679. 
Glossiphonia,  818. 
Glossiphoniidae,  818. 
Glottidia,  267. 
Glove-sponge,  84. 
Glycera,  291. 
Glyceridae,  291. 
Gnaphosa,  419. 
Gnathobdelllda,  819. 
Gnathochilarium,  467. 
Gnathopod,  865. 
Gonangium,  104. 
Goniada,  291. 
Goniasteridae,  627. 
Goniobasis,  547. 
Gonionemus,  118. 
Gonium,  87. 
gonocephala  (Flanarla), 

166. 
Gonosome,  90. 
Gonotheca,  104. 
Gonothyrea,  112. 
Gonosooids,  122. 
goodei  (Flabellum),  147. 
Goose  barnacle,  860. 
Gordiacea,  226. 
Gordiidae,  227. 
gordioides  (Haplotazls), 

806. 
GordiuB,  227. 
Gorgodera,  186. 
Gorgoderina,  186. 
Gorgonacea,  185. 
Gorgonia,  136. 
Gorgoniidae,  135. 
Gorgonocephalus,  638. 
gossypina  (Hippospongia), 

85. 
gouldi  (Botryllus),669. 
gouldi  (Cryptodon),  586. 
gouldi  (Llmnetis),332. 
gouldi  (Pectinaria),297. 
gouldi  (Phascolosoma), 

275. 
gouldi  (Retusa),497. 
gouldiana  (Clidiophora), 

600. 
gracile  (Bmplectonema), 

209. 
gracile  (Gymnodlnium),41. 
gracile  (Prosthiostomum), 

171. 
gracilescens  (Bucephalus), 

181. 
gracilis  (Artemia),  331. 
gracUis  (Bowerbankia),  260. 
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gimcillfl  (Gapitella).  297. 
gracilis  (Codoneca),  27. 
gracilis  (Lampsilis),  580. 
gracilis  (Phagocata),  167. 
gracilis  (Podophrya),68 
gracilis  (Umatella)  247. 
gracUlima  (Schisotricha). 

110. 
graffl  (DendroccBlun),  166. 
grande  (Diplostonram), 

188. 
grande  (Liobaniim),412. 
grande  (Stenostomnm), 

161. 
grandinella  (Halteria),  60. 
grandis  (Anodonta),  581. 
grandis  (Cirratulus).  204. 
grandis  (Hemopis),  820. 
grandis  (Onychodromus), 

62. 
grandis  (Pennatnla),  187. 
Grantia,  76. 
Grantlidae,  76. 
grannlatus  (Scytonotos), 

472. 
granulosns  (Echinococcus), 

202. 
Graptoliberis,  836. 
Grass  spider,  481. 
Grass  sponge,  86. 
grata  (Rathkea).  98. 
gratiae  ( Scutigerella) ,  466. 
Green  abalone,  532. 
Green  crab,  898. 
Green  hydra,  92. 
Green  snail,  538. 
Green  urcliln,  644. 
greeni  (Cerithlopsis),  546. 
Gregarina,  44. 
Gregarlnida,  42. 
Gregarinidae,  48. 
Gribble,  875. 
griaea  (Hydra),  92. 
grlseus  (Prorodon),  51. 
grcenlandica  (Natica),  588. 
groenlandica  (Phyllodoce), 

286. 
groenlandica  (Scalaria), 

535. 
groenlandica  (Zygodoctyla), 

116. 
groenlandicus  (Serripes), 

598. 
Gromia,  20. 
Gromiidae,  20. 
grossa  (Malacobdella),  218. 
grossipes  (Nymphon),  461. 
Guinea  worm,  220. 
Gnnda,  167. 

gtftta  (Amphlleptns),  53. 
Gymnoblastea,  93. 
Gymnodlniom,  41. 


GymnogloBsa,  558. 
Gymnolsmata,  249. 
gymnota  (Coryphella), 

504. 
Gynogonidia,  89. 
Gyratiricidae,  168. 
Gyratrix,  164. 
gyrloa  (Physa),511. 
Gyioceras,  606. 
Gyrocotyle,  192. 
Gyrodactylidae,  177. 
Gyrodactylns,  177. 

Hadbombrina,  79. 
Hadmrus,  405. 
hflematobiam 

(Schistosoma),  187. 
Hcsmopis,  320. 
Hemosporidiida,  46. 
Hahnia,  431. 
Hair  worms,  218, 225. 
Halacaridae,  458. 
Balacams,  453. 
Halarachne,  437. 
Halcampa,  142. 
Halcampidae,  142. 
balecinnm  (Haleclam), 

110. 
Haleclam,  110. 
Haleremita.  92. 
Hallchondrina,  80. 
Haliclystns,  127. 
Halicondria,  88. 
Halimocyathus,  127. 
Haliotidae,  581. 
Haliotis,  531. 
haliotoidea  (Testacella), 

524. 
haUotoidea,  (Velntina), 

588. 
Halipegns,  186. 
Halisarca,  86. 
Halisarcldae,  85. 
Haller*s  organ,  445. 
Haiocvnthia,  667. 
Halocypridae,  857. 
Halocyprls,  857. 
Halopsis,  116. 
Halteria,  60. 
Halteriidae,  60. 
hamata  (Eukrohnla),272. 
Bamlnea,  497. 
hammonis  (Titrea),  525. 
Hanleyia,  486. 
haplonema  (Tamoya),  129. 
Haplotaxldae,  800. 
Haplotazls,  306. 
Hard-shell  clam,  590. 
Harmothoe,  285. 
Harp  shell,  500. 
Harpa,  560. 
Harpactiddae,  847. 


Harpacticns,  848. 
harpae  (Acropems),  386. 
harpniaria  (Bela),  562. 
Harrimania,  655. 
Harrlmanildae,  654. 
harrardiensis  (Alderla), 

505. 
Harvest  mltea,  453. 
Haryestmen,  410. 
bassalU  (Polystoma),  176. 
hastata  (Aphrodlta),  2S4. 
haataiu8  (Oaiinectes),  398. 
Hatchet-back,  582. 
Hanstorius,  868. 
Hectocotylus,  604. 
helgolandicns 

(Phonorhynchns),  163. 
Heliddae,  519. 
Hellcina,  584. 
hellcina  (BfargaHta),  638. 
Helldnidae,  534. 
Heliodiscns,  523. 
beUophila  (Stylotella),  84. 
HelioBoa,  21. 
Helix,  519. 

belluo  (Lyco8a),48S. 
Helodrilns,  818. 
Hemlchorda,  6. 668. 
Hemichordata,  662. 
Hemiclepsis,  319. 
hemistoma  (Aglanra),  120. 
Hemistomum,  188. 
Hemiums,  187. 
bemphiUi  (Palllfera),  628. 
bemprichi  (iE*olosoma), 

805. 
Henrida,  629. 
bepatica  (Fasdola),  188. 
berbsti  (Panopeiis),897. 
Hermsidae,  504. 
bermaphroditus 

(Gyratrix),  164. 
Hermellidae,  308. 
Hermellif  ormia,  802. 
Hermit  crabs,  398. 
heros  (Natica),  587. 
heros  (Scolopendra),  476. 
Herpetomonas,  27. 
Herpobdella,  821. 
HerpobdelUdae,  321. 
herricki  (Asplanchna),236. 
Hesionidae,  287. 
Heterakis,  225. 
beterochelis  (Alpheas), 

888. 
beterocUta  (Glossiphonla), 

319. 
Heterocoela,  70. 
Heterocotylea,  172. 
Heterodera,  217. 
Heteromastlgda,  29. 
Heteromeyenia,  81. 
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Heteromonadldae,  27. 
Heteromysis,  888. 
Heteronemertea,  207. 
Heteronereis,  288. 
Heterophrys,  28. 
Heteropoda,  561. 
beterostropha  (Physa), 

611. 
Heterotrlchlda,  67. 
Hexactlnellldae,  77. 
Hezactiniae,  141. 


Holosiommn,  188. 
HolothDria,  648. 
Holotharlldae,  648. 
Holothnrloldea,  646. 
Holotrichida,  50. 
Hornama,  889. 
bomlnlB  (Babesia),  47. 
htnuhUa  (Sarcoptee),  440. 
Homocoela,  75. 
Hookworm,  228. 
liooperl  (Stylactis),  100. 


hexagonuB  (Hyroldes),  802.    Hoplonemertea,  200. 


Hezamitna,  81. 
bexaptera  (Sagltta),272. 
bexarla  (Aspldlsca),  64. 
bibernalls  (Flli8tata),419. 
blDcksl  (Campannlaria), 
111. 


Hoplorhynchus,  45. 
Horny  mites,  442. 
Horse  leech,  820. 
Horse  mussels,  572. 
Horse  sponges,  84. 
Horseshoe  crabs,  400. 


Hinge  (in  pelecypods),  564.    bortensis  (Arion),  527. 


Hippa,  898. 
Hlppasterla,  627. 
Hippldae,  808. 
Hlppolyte,  S87. 
blppolytes  (Bopyroides), 

882. 
HippBnoi,  648. 
Hippospongia,  84. 
Hirdnia,  85. 
birsnta  (Polygyra),  521. 
blrsntum  ( Alcyonidium) , 

260. 
blrsutns  (Hadninis),405. 
birsntna  (Planorbls),  518. 
hirtus  (Colep8),52. 
blmdinacens 

(Gigantorhynchns),  280. 
Hirudinea,  815. 
Hlradinldae,  820. 


bortensis  (Helix),  520. 
bortorum  (Leucaoge),  427. 
hnfelandi  (Macroblotua), 

468. 
hamilis  (Lymncea),  610. 
humleyi  (Oikopleura),  659. 
baxelyi  (Pauropns),467. 
byacintbl  (Bbizoglyphns), 

442. 
hyacinthina  (Periphylla), 

128. 
Hyalea,  498. 
Hyalella,  867. 
byalina  (Cryptops), 475. 
byalina  (Daphnia),  835. 
hyalina  (Leptodora),888. 
hyalina  (Lyonsia),  600. 
hyalina  (Schlzoporella), 

257. 
hyalinis  (Pamphagus),  21. 


Himdo,  820. 

binindoidea   (Enrytemora),    Hyalonema,  77. 

848.  HyalDnematidae,  77. 

blspida  (Bchinomera),  44.    ^^yas,  895. 
hispida  (Flustrella),  260.        hyatti  (Bossla),  609. 
blspida  (Llchenopora),  261.    Hybocodon,  102. 
blspida  (Tethya) ,  79.  HyctU,  435. 

hispida  (Traebelomonas),       Hydatina,  287. 

82. 
blspidipea  (Leptodesmus), 

472. 


hiatolytioa  (Entamoeba), 

16. 
bistrionica  (Limnesia), 

452. 
hofmanni  (Castrada),  168. 
bolmani  (Chlrocephalns), 

880. 
Holomisis,  91. 
Bolophrya,  61. 
Holopidae,  621. 
Holopns,  621. 
Holostlcha,  62. 
Holostomata,  187. 


Hydatinidae,  287. 
Hydra,  92. 
Hydrachna,  449. 
Hydrachnidae,  447. 
Hydrachninae,  449. 
Hydractinia,  100. 
Hydractinildae,  99. 
Hydrallmania,  108. 
Hydranth,  91. 
Hydrariae,  92. 
Hydrobiidae,  641. 
Hydrocanlas,  91. 
Hydrocladia,  108. 
Hydrocoralllnae,  98. 
Hydroid  type  of  structure, 
87. 


Hydroides,  802. 
Hydroids,  86. 
Hydromedusae,  90. 
Hydrorhisa,  91. 
Hydrotheca,  104. 
HydroBoa,  90. 
Hydryphantes,  449. 
Hydryphantinae,  449. 
Hygrobates,  450. 
Hygrobatlnae,  450. 
Hymenolepis,  199. 
Hyperia,  865. 
Hyperlidae,  865. 
Hyperiidea,  865. 
hypnorum  (Aplexa),512. 
Hypobranchial  gland,  528. 
HypopuB,  441. 
Hypostome,  In  hydroids, 

91 ;  in  mites,  486. 
Hypotrichida,  60. 
Hyptiotes,  418. 

IBLA^  860. 
Ichthydium,  244. 
Ichthyobdellidae,  817. 
idae  (CMstateUa),  264. 
Idothea,  876. 
Idotheidae,  376. 
Jdyia,  154. 
illecebrosus 

(Ommastephes),  610. 
illinoisensis  (Pleodorina), 

88. 
Illoricata,  235. 
lUumlnatus  (Bdellodrllus), 

806. 
Jlyanassa,  558. 
Imbicilis  (Anodonta),  582. 
imbricata  (Dermasterias), 

628. 
Imbricata  (HarmothSe), 

286. 
Immaculata  (Natica),  588. 
immacalata    ( Scutlgerella) , 

466. 
immitis  (Filaria),  219. 
imparispinosus 

(Amphipoms),  211. 
imperator 

(Branchiocerianthus),  91. 
Imperforina,  20. 
Imperial  purple,  565. 
implexa  (Filograna),  302. 
implicata  (Anodonta),  581. 
impressa  (Loxochonca), 

866. 
Impressus  (Parajulus),  469. 
indsa  (Nephthys),  289. 
Incolorata  (Persa),  120. 
Inconstans    (Trichodrilus), 

811. 
Indentata  (Vitrea),  626. 
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inflatna  (Hexamitna),  81. 
inflecta  (Polygyra),  621. 
Inf  rabasals,  619. 
Infundibula,  606. 
infundlbnlum 

(BolinopsiB),  168. 
Infuslonum  (Lembus),67. 
Inf  OBoria,  48. 
ingens  (Nephthys),  289. 
Inhsrans  (Leptosynapta), 

661. 
Ink  sac,  608. 

Inqaillna  (Planocera),  170. 
Insecta,  of  Linnaeus,  2, 

826. 
Insecta  aptera,  826. 
inseoius  (Cyclops),  846. 
Insertion  plate,  484. 
Insignia  (Cotyiaspis),  179. 
Instabilla 

(Branchlobdella),  806. 
insularis  (Epelra),  426. 
Integer  (Somatogyms), 

642. 
Intermediate  host, 

180, 190. 
Interproglottldal  glands, 

198. 
Interradins,  614. 
Interray,  614. 
interrita  (Dysdera),419. 
Intermpta  (TurboniUa), 

664. 
Intestina,  166. 
Intestlnalis  (Ciona),667. 
Intestinalis  (Lignla),  198. 
intestinalis 

(Strongyloides),  218. 
Introvert,  278. 
Iris  (Lampslli8),680. 
Irradians  (Pecten),676. 
irrtMrata  (Idothea),  376. 
irrorata  (LIttorina),  640. 
irrorata  (Unicola),  871. 
irroratus  (Cancer),  806. 
Irrorotus  (Tubifex),  810. 
Ischnocbiton,  488. 
Ischnochitonidae,  487. 
islandlca  (Cyprina),  678. 
Islandicum  ((}ardium), 

698. 
Islandlcus  (Pecten),  676. 
Isocrinos,  621. 
Isopoda,  872. 
Itch  mite,  440. 
Ivory  barnacle,  862. 
Ixodes,  446. 
Ixodidae,  446. 

Jara,  878. 

jamaicensis 

(BalanoglosBQs) ,  664. 


Janira,  378. 
Janlridae,  878. 
Jantblna,  686. 
Janthlnidae,  686. 

Jaw,  in  brittle  stars,  684; 

in  snails,  498. 
Jellyfish,  86. 
Jingle  shell,  670. 
Jonah  crab,  896. 
Jonesi  (Perigonimu8),97. 
Jnli  (Stenophora),44. 
Julidae,  468. 
Julus,  469. 
Jumping  spiders,  484. 

Katharina,  489. 
Keber*s  organ,  666. 
Kellla,  686. 
Kellyellidae,  686. 
keraudreni  (Oxygyrus), 

668. 
kessleri  (Amphlsia),  62. 
kewensis  (Placocephalus), 

168. 
Keyhole  limpets,  631. 
Keyhole  urchin,  646. 
King  crabs,  400. 
Kinorhyncha,  244. 
Koenenia,  406. 
Koenikea,  462. 
Kowalevskla,  669. 
Kowalevskiidae,  669. 
kowalevskyl 

(Dolichoglossus),  666. 

Labidocbra,  846. 

Labiosa,  690. 

Labium  (in arachnids), 

414,  486. 
labyrinthica  (Strobilops), 

617. 
lacerata  (Opercnlarella), 

112. 
lacinlatum 

(Anthobothrium),  106. 
laclniatum 

(Crossobothrium),  196. 
laciniatus 

(Bothriocephalus),  196. 
Ladnularla,  234. 
Lacrymarla,  61. 
lactarium   ( Lysiopetalum ) , 

471. 
laoteum  (Dendrocoelum), 

166. 
lacteus  (Cerebratulus), 

209. 
Lacuna,  641. 
lacustris  (Cordylophora), 

96. 
lacusirU  (Cristatella),264. 


lacustris  (EpiachQra),84lL 
lacustris  (SpongiUa),  81. 
Ucustrls  (Stylaria),S09. 
Lady  crab,  898. 
Lnvlcardium,  693. 
IflBvlgata  (Telutlna),  638. 
Uevis  (Chirodota),  661. 
Uevis  (ESasmopus),  370. 
Uevis  (Porcellio),  380. 
tevlusculus  (CalUoplus), 

869. 
Lafma,  117. 
lagena  (Halimocyathua), 

127. 
lagenella  (Trachelomonas), 

82. 
lagenoides  (Gromla),  20. 
lagenula  (Lacrymarla),  62. 
lambis  (Pterocem),  549. 
lamella tus  (ESurycercos), 

336. 
Lamelllbranchiata,  563. 
lampas  (Alcippe),  862. 
Lampsllls,  679. 
lanceolatum 

( Branchiostoma ) ,  97Z, 
Land  crabs,  394. 
Land  planarians,  168. 
Land  snails,  606. 
languida  (Oceania),  115. 
Lantern  of  Aristotle,  640. 
Laodlce,  289. 
Laodice  virldis,  283. 
Laodicea,  117. 
Laodiddae,  289. 
Laonlce,  293. 
lapidarla  (Pomatlopais), 

643. 
lapiUus  (Purpura),  556. 
Laqueus,  269. 
larix  (Antipathes).  139. 
larus  (Chetonotus),243;. 
Larvacea,  667. 
larynx  (Tubularia),  103. 
lasium 

(Phoreiobothorlum),  196. 
Lateral  teeth,  of  pelecypod 

shell,  664 ;  of  radola, 

480. 
lateralis  (Mactra),  590. 
lateritia  (Vampyrella),  22. 
Lathrodectus,  421. 
latioauda  (Argulus).  352. 
lattthorax  (Ebo),429. 
lativentris  (Cunina),121. 
Latona,  838. 
latum    (Diphyllobothrliim), 

194. 
leanum  (Cochlodema), 

601. 
Leda,569. 
Leeches,  316. 
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leldyl  (EdwariUU),  140. 
leldyl(Fabiicia),801. 
leldyl  (Bfarphysa),  290. 
leldyl  (Hlcrara),208. 
leldyl  (Mnemlopsls),  168. 
leldyl  (Prt8tlna)»809. 
leldyl  (Sthenelals),  280. 
Lembadlon,  60. 
I«embuB.  67. 
Lemnliicl,  220. 
leDtQB  (Anoplodactylns), 

400. 
lepftdella  (Metopldla),  242. 
Lepadidae,  800. 
Lepas,  800. 
LepeophthelroB,  860. 
Ijephttayphantefl,  428. 
Lepldoderma,  248. 
Lepldonotns,  286. 
Lepldopleuridae,  480. 
Ijeprea,  200. 
Lepralla,  257. 
I^eptocardla,  071. 
Leptochelms,  870. 
Ijeptochela,  874. 
Leptoelinum,  071. 
LieptodesmuB,  472. 
Leptodora,  888. 
lieptodortdae,  888. 
Leptomedusae,  104. 
Leptoplana,  170. 
Leptoplana  glgaa,  168. 
I^eptoplanldae,  170. 
leptopufl  (Dlaptomns),  844. 
leptoBtyla  (ClaTa),06. 
Leptooynapta,  051. 
IJemea,  850. 
Lemieldae,  860. 
Lenueopoda,  OOl^, 
Lemeopodlae,  861. 
IJemeflenlcas,  860. 
leraoDl  (Polycera),601. 
Leacandra,  70. 
lencaa  (Frontonia),  66. 
Ijencange,  427. 
leockartl  (Cyclopi),  840. 
lenckartl  (Podon),  888. 
lencolena  (Sagartla),  144. 
Lencon  type  of  sponge,  72. 
Lieuconldae,  70. 
lencoptueta  (Congerla), 

684. 
leucops  (Stenofltommn), 

101. 
lencoptera  (Stolotenthls), 

009. 
Lencoaolenla,  76. 
Leacoeolenlldae,  76. 
LeTant  sponges,  84. 
Uacarus,  448. 
LlblnU,  895. 
Llcbenopora,  251. 


Uchenoporidae,  261. 
Lichnophora,  04. 
Llchnophorldae,  04. 
Ligament,  In  Acanthoce- 

pala,  229;  In  pelecypoda, 

504. 
llgamentlna    (Lampallns), 

680. 
llgera   (Gastrodonta).  620. 
llgnornm   (Umnorla),  876. 
Llgula,  198. 
Llgnllnae,  198. 
Llgyda,  880. 
Ugydldae.  380. 
lllacea  (TubQUpoia).261. 
lima  (BzQvleUa),40. 
lima  (Phlllne), 498. 
Llmaddae,  520. 
Llmadna,  498. 
llmadna  (Cllone),  499. 
Llmaclnldae,  498. 
Llmapontla,  605. 
Llmapontlldae,  605. 
UmatQla  (Yoldla),  608. 
Llmaz,  620. 
Umax  ( Am<Bba ) ,  10. 
lAmam  laficeolatua,  072. 
Umbata  (Nereis),  288. 
Umnadlldae,  881. 
Umnel  (Chetogaster), 

810. 
Llmnesla,  451. 
Llmnetls,  882. 
Llmnlas,  288. 
Umnlcola  (Nereis),  288. 
Llmnlcythere,  850. 
Llmnocalanns,  842. 
Idmnochares,  448. 
Llmnocbarlnae,  448. 
Llmnocnlda,  91. 
lAmnooadMim,  119. 
LUnnodrllns,  811. 
lilmnorla,  375. 
Llmnorlldae,  876. 
llmosa  (Amnlcola),  542. 
llmosa  (Dero),  809. 
Umosns  (Cambanis),  892. 
Limpets,  680. 
Umplda  (yitrlna).625. 
Llmnlns,  402. 
llneare  (Mlcroetomnm), 

102. 
linearis  (Cepbalotbrlz), 

200. 
llneata  (BdwardMella), 

140. 
Uneata  (Gloaslphonla), 

818. 
llneata  (Labloea),  590. 
llneata  (Scalarla),  635. 
llneata  (Tonlcella).488. 
Uneatns  (Oordlos).  227. 


UfMOliM  (HeUodlscus),  628. 
HneQitu9  (Melampns),  608. 
Llneldae,  207. 
Linens,  207. 
Llngnatnla,  457. 
Llngnatnllda,  455. 
lAnffula,  207. 
Llngnlldae,  207. 
Llnnean  (Hasslflcatlon,  1. 
llnnjBOina  (Porplta),  128. 
Llnotsnla,  474. 
llnteml  (Tyroglyphns), 

442. 
llntonl  (MyzobolQs),48. 
Llnucbe,  128. 
Llnyphla,  428. 
LlnyphUdae,  422. 
Llobnnnm,  412. 
Llonotns,  58. 
Lloplax,  544. 

Lip  (in  snail  shells),  600. 
Lirlope,  120. 
LitbobUdae,  470. 
Llthobins,  470. 
Litbocyst,  106. 
lAthodomus,  678. 
Llthophagns,  578. 
llthophagus 

(Litbophagns),  678. 
Litbotrya.  800. 
lltoralls  (Paranals),  809. 
UtoroiU  (ZygenpoUa), 

208. 
Utorea  (Llttorlna),  540. 
Utterata  (OllTa),600. 
Uttoiale  (Pycnogonum), 

459. 
Uttoralls  (Asterlas),  082. 
Llttorlna,  640. 
Llttorinldae,  589. 
LlTer  flnke,  188. 
Liver  sacs,  059. 
Uyescens  (Gonlobasl8),547. 
Livoneca,  875. 
Ligeia,  98. 
loa(Fllarla),219. 
Lobata,  152. 
lobatnm 

(Slphonodentallnm),  492. 
lobostoma  (Dlffngla),  17. 
Lobsters,  889. 
locusta  (Gammams),  809. 
locQstae-carolinae 

(Gregarlna),44. 
locustarom  (Trombldlum)» 

454. 
lofotensls  (Rhlsocrlnns), 

021. 
Lollglnldae,  009. 
Loligo,  009. 
LoUgopsis,  012. 
Lone-star  tick,  440. 
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Long  clam,  694. 
longicarpns  <Paguni8)» 

89S. 
longlcaada 

(Appendicnlarla),  668. 
longlcauda  (Cercomoiuui), 

27. 
longtcanda  (Mierocotyle), 

177. 
longlcaadatas   (Uroleptua), 

62. 
longleaadam  (Scaridlum), 

240. 
longtcaudiiB  (Phacufl),  32. 
lonsicornls  (^glnella), 

872. 
longlcornls  (Talorchestla), 

807. 
longlcorniB  (Temora),  842. 
longlmaiia  (Amphlthoe), 

871. 
longlpalpls  (Brigone),  428. 
longlpalpia  (Hygrobates), 

460. 
longlroatrla  (Bosmlna), 

886. 
longlseta  (Battnlns),  241. 
longlspinatus 

( Stepbanops) ,  240. 
longlsplnoaus 

Cbeto&otu8),248. 
longiaslmam   (Hyalonema), 

78. 
longltane  (Nympbon),  461, 
loossi  (Aiygia),186. 
Lopbopbore,  in  Brachlopo- 

da,  266 ;  In  Bryosoa,  246 ; 

In  Pboronidea,  270. 
LopbopuB,  268. 
Lorlca,  281. 
Lorlcata,  289. 
lorlcata  (Oemellarla), 

268. 
lOTenl  (Gonotbyrea),  112. 
Loxoconcba,  866. 
Lozopbyllnm,  68. 
LoxoBoma,  247. 
Loxosomldae,  247. 
Lower  worms,  166. 
luhbochl  (PadropiiB),  467. 
Inbrlca  (Cocbllcopa),  618. 
lubrlcalls  (Nlcomacbe), 

209. 
locayanum  (Asymmetron), 

678. 
Incasanus  (Apii8),881. 
lucens  (Metrldla),  842. 
Lucemaria,  127. 
Lnceroarlldae»  126. 
luclae  (Sagartla),  144. 
Ludna,  686. 
Ludnidae,  684. 


Ingubrls  (Planarla),  166. 
Lnidla.  626. 

Inmbrid   (MonocystU),  46. 
lumbrlcalis  (Nlcomacbe), 

299. 
Lnmbrlddae,  812. 
Lumbrldllna.  807. 
lumbrlcoldes  (Ascarla), 

224. 
LumbrioanereU,  290. 
Lumbrlcnlldae,  811. 
Lnmbrlcus,  812. 
LumbrinereiB,  290. 
luna  (Catbypna),241. 
lunata  (Columbella),  667. 
Lungs  (In  aracbnids),  408. 
Lunale,  664. 
lurlda  (08trea),676. 
lurldus  (Notomastos),  297. 
latarinm  j(I>ldemnum), 

671. 
Inteola  (Lampsllls),  680. 
luieolum  (LepioiMnum), 

671. 
Lycopbora,  192. 
Lycosa,  488. 
Lyoosldae,  482. 
Lymnea,  609. 
Lymnieldae,  609. 
Lynceidae,  886. 
lyncurimn  (Tetbya),79. 
Lyonsla,  600. 
Lyonslldae,  600. 
Lyslopetalidae,  471. 
Lyslopetalom,  471. 
Lytecblnns,  648. 

MACVARLANDI 

(LIcbnophora) ,  64. 
Macoma,  688. 
macricaudatiim 

( Asymmetron ) ,  678. 
Macrobdella,  820. 
Macroblotns,  468. 
macrocepbala 

(Ampellsca),  868. 
Macbrocbeles,  444. 
Macronudeus,  49. 
macrostoma  (Nassnla),  64. 
macrourus  ( Asellns) ,  877. 
Macrnra,  886. 
Macrara  natantia,  385. 
macmnis  (pmnocalanus), 

842. 
mactans  (Latbrodectus). 

421. 
Mactra,  689. 
mactracea   (Crassatdlltes), 

677. 
liactrldae,  689. 
macnlata  (Goniada),291. 
macQiata  (Planarla),  166. 


macalatns  (Pinnotheres), 

899. 
macalatos- 

(Bhyncholopbiis)»  454. 
maculosa  (Harrlmaala), 

666. 
Madrepora,  146. 
ICadreporarla,  146. 
Madreporlte,  616. 
nuenas  (CSardnldes),  898. 
magdalenenls 

( Iscbnocbiton ) ,  488. 
Dagellanicos  (Pecten), 

676. 
magister  ((Tanc^r),  897. 
magna  (Concbscia),858. 
magna  (Fasdola) ,  184. 
magna  (Spbsrophrya),  67. 
magnlflca  (Pectinatolia), 

264. 
magnum  (C!ardiQm),69S. 
Malidae,  396. 
Malacobddla,  218. 
Ifalacocotylea,  172. 
Malacostraca,  868. 
l£alaria,  47. 

malariae  (Plasmodium), 47. 
Ifaldane,  298. 
Maldanidae,  298. 
Mallomonas,  86. 
Mammary  organ,  247. 
mananensls  (Coryphella), 

604. 
Manayunkia,  801. 
Mancasellas,  877. 
Mandibles,  828. 
Mange  mite,  440. 
Mangora,  427. 
manbattensis  (Molgala), 

666. 
Mantle, 

la  Brachiopoda,  266 ; 

in  MoUusca,  478 ; 

in  Tunicata,  666. 
Mantle  caylty 

(in  mollusks),  479. 
Manubrium,  88. 
Margarita,  688. 
Margaritana,  682. 
margaritifem 

(Marg&rltana),  583. 
margaritifera 

(Meleagrina),  678. 
Margaropus,  446. 
Marginal  teeth  (of  radola), 

480. 
marginata  (Llnyphla).  428. 
marglnata  (Taenia),  201. 
marginatum 

((ninostomum),  187. 
marginatum  (Metridlnm)^ 

144. 
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marglnatna  (Papoldei), 

6ie. 
margliiatiiB  (Splroboliu), 

470. 
Maricola,  167 
maiina  (Arenicola),299. 
marina  (Bdella),  453. 
marina  (Idotbea),  876. 
marina  (Jen),  878. 
marina  (Oxyrrhis),  80. 
marina  (Vorticella),  66. 
Marine  triclads,  167, 
marinum  (Uronema),66« 
marinas  (Scutovertex), 

448. 
marinus  (Tabnlas) ,  490. 
marmoratis  (Hemopis), 

320. 
marmoratna  (Conns),  662. 
marmoratus  (Turbo),  688. 
marmorea  (Tonicella),  487. 
Marpliysa,  290. 
BCarpissa,  435. 
Marptu»a,  435. 
marshalli  (Arrhcnnms), 

452. 
iNaf«i(Pirata),484. 
Mastax,  231. 
Mastigamceba,  26. 
Mastigophora,  24. 
Mastigoproctus,  407. 
Maw  worm,  226. 
Maxilla, 

in  crustaceans,  827 ; 

in  spiders,  414 ; 

in  mites,  486. 
MaxilUped, 

in  crustaceans,  868 ; 

in  myrlapods.  464,  478. 
maximus  (Doryaimns), 

216. 
maximua  (Limax),  527. 
Meandrina,  148. 
meandrites  (Meandrina), 

148. 
Mediaster,  627. 
Medicinal  leech,  820. 
medicinalis  (Coras), 481. 
medicinalis  (Hlrudo), 

820. 
Medina  worm,  220. 
medinensis  (FUaria),220. 
mediterranea  (C:arinarla), 

652. 
Medusa,  71, 88. 
Medusa  type  of  structure, 

88. 
medusarum  (Hyparla). 

866. 
megaHoeephaia  (Asearis), 

226. 
Megalopa,,  894. 


Megalotrocba,  284. 
Megascleres,  73. 
Megascolicidae,  311. 
megasoma  (IiymikBa),  509. 
Megninia,  441. 
megotara  (Teredo),  599. 
Melampus,  508. 
melanopU  (Gregarina),  44. 
Meleagrina,  573. 
meleagris  (Stomolophus), 

181. 
Melicerta,  288. 
melicerta  (Melicerta),  238. 
melicerta  (Oeci8te8),284. 
Mellcertidae,  288. 
Melicertum,  117. 
Mellita,  644. 

melitta  (Tbalassema),  815. 
Membranlpora,  255. 
Membraniporidae,  255. 
mendlcaria  (Hanleyia), 

486. 
Menipea,  258. 
Menoidium,  88. 
Menosporidae,  45. 
mercenaria  (Venus),  500. 
meridionalls   ( Comae tinia ) , 

628. 
Mermis,  21& 
Mermltidae,  218. 
MeroBoites,  46. 
Mertensia,  152. 
Mesenchytneus,  308. 
Mesenteries,  132. 
Mesodinium,  62. 
Mesoglea,  70. 
Mesonemertini,  205. 
Mesoplacophora,  486. 
Mesostoma,  163. 
Metacncmes,  188. 
metalllca  (Idothea),876. 
Metanemertini,  209. 
Metapodlum,  479. 
Metasoma,  279. 
Metastomium,  277. 
Metazoa,  4. 
MetopidU,  242. 
Metoponorthus,  880. 
MetopuB,  58. 
Metridla,  842. 
Metridium,  144. 
tnetHeana  (Holotburla), 

649. 
mexicanuB  (yejoyi8),405. 
Meyenia,  81. 
Mlana  bug,  446. 
Micaria,  430. 
mlchellni  (Encope),646. 
Micrathena,  426. 
Microclona,  88. 
Microcotyle,  177. 
Mlcrocotylinae,  177. 


Microbydra,  118. 
MicronucleuB,  49. 
Microphallus,  186. 
microphthalma  (Sabella), 

801. 
Microporella,  256w 
Microporellidae,  256. 
Microscleres,  73. 
Microstomidae,  162. 
Microstomum,  162. 
Micrura,  208. 
miescherlana 

(Sarcocystis),  48. 
milUris  (Noctiluca),42. 
mllitaris  (Brachlonus), 

240. 
militaris  (Pteraster),  681. 
milium  (yertlgo),617. 
milium  (Zonitoldes),  526. 
mllleri  (Hydractinia),    100. 
Millepora,  93. 
MiUeporidae,  98. 
Millipeds,  467. 
minax  (Uca),400. 
miniata  (A8terina),629. 
mlnnehaha  (Daphnla), 

834. 
minor  (Oilanus),  841. 
minus  ( Alpheus) ,  888. 
minuscula  (Zonitoldes), 

526. 
mlnuta  (Loxosoma),  247. 
mlnuta  (Phlo«),285. 
minuta  (Rl86oa),541. 
mlnuta  (Turtonia),  586. 
minutum  (Nemasoma), 

469. 
minutua  (Argas),  445. 
minutus    (Canthocamptus), 

848. 
minutus  (Dlaptomus), 

844. 
mlra  (Butlma),  116. 
mlra  (PlBaurina),432. 
mirabllis  (Syncoryne),96. 
Miracidlum,  180. 
Misumena,  428. 
Mitella,  360. 
Mltellldae,  859. 
Mites,  486. 
Mitra,  660. 
Mltridae,  560. 
Mnemiidae,  158. 
Mncmlopsis,  153. 
modesta  (Comulariella), 

134. 
modesta  (Sagartla),  144. 
Modiolarla,  572. 
Modiolus,  572. 
modiolus  (Modiolus),  572. 
moestus  (Macrocheles), 

444. 
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Moina,  8S5. 
Molra,  046. 
Molgula,  064. 
MolguUdae,  004. 
molgnloides 

(BostricliobraDclinB) , 

606. 
mollis  (ReDiera),  88. 
molUsslma  (Bospongia), 

84. 
MoUusca,  478. 
Mollvscoldea,  240. 
Molpadlidae,  050. 
Monactinellida,  79. 
Monadlda,  20. 
Monas,  28. 

moneta  (Cypnea),  494,  649. 
Monlaia,  198. 
monlllarls  (PolydesmiiB), 

472. 
MoDocotyle,  174. 
Monocotylldae,  174. 
Monocystis,  40. 
monodon  (Polygyra),  621. 
Monogenea,  178. 
MoDOgeDetlc  trematodes, 

178. 
Monopectinate  gill,  629. 
MonoBiga,  29. 
monoBtachys 

(Membranipora),  260. 
MonoBtechas,  109. 
MonoBtomata,  181. 
MoDOBtyla,  241. 
Monotocardia,  684. 
Monotremata,  614. 
montagul  (PaDdalas),  887. 
Monura,  242. 
Mopalla,  488. 
Mopalildae,  488. 
morganl  (ChordodeB),  228. 
morgani  (Planaria),  100. 
moraei  (CysicuB),  882. 
morBltaoB  (Scolopendra), 

476. 
mortoni  (Leylcardium), 

698. 
momm  (Pandorina),  88. 
MoBaic  vision,  824. 
Motber-of -pearl,  479,  604. 
mncedo  (Cristatella),  204. 
Mucket,  680. 
mucosa  (Mopalia),  488. 
macoBUS  (Rattnlus),  241. 
mueronata  (Salpa),  002. 
mucronata 

(Scaplioleberis),  886. 
mncronatos 

(CarinogamroaniB),  870. 
Mucronella,  268. 
Mad  crabs,   397. 
Mud  snails,  667. 


mmieri  (Geodia' ,  78. 
Multiceps,  202. 
malticeps 

(  Asplancbnopns) ,  287. 
multiceps  (Multiceps),  202. 
multlden tatus    ( Litboblns ) , 

470. 
muUifarmia  (Pbldippus), 

486. 
multillneata  (Polygyra), 

621.  V 
multioculatus 

(Proneurotes) ,  211. 
Multlstigmatea,  001. 
Multivalvia,  481. 
muraria  (Dlctyna), 418. 
murarium  (Theridion), 

422. 
murbacbl  (Gonionemus) , 

118. 
Murez,  666. 

muricata  (Acropora),  140. 
mnrlcata  (Pinna),  674. 
muricatus  (Cbelifer),  410. 
Muricidae,  666. 
murrayana  (Bugula),  264. 
muscae  domesticae 

(Herpet<Hnona8),  27. 
nwscorum  (Obisium),  410. 
muscorum  (Pupilla),  610. 
muscosa  (Mopalia),  488. 
Musbroom  coral,  160. 
Mussel  crab,  899. 
Mussels,  671. 
mntabile  (Cyclocoelum), 

181. 
mutabilis  (Pamphagus), 

21. 
mutans  (C^emidocoptes), 

440. 
muians  (Pedicellina), 

248. 
mutica  (Olivella),  600. 
mutica  (Pelia),890. 
mutica  (VeleUa),  128. 
Mya,  694. 
Myacea,  694. 
Myidae,  694. 
Myocytes,  72. 
Myodocopa,  867. 
Myonemes,  49. 
myosotis  (Phytia),  608. 
Myriapoda,  408. 
myriapoda  (Heteropbrys) , 

28. 
Myrlosoidae,  267. 
Mysidae,  882. 
Mysis,  882. 

myBtatD  (Ascari8),226. 
mytlll  (Alcyonidium),  269. 
Mytllidae,  571. 
Mytilus,  571. 


mytilus  (Stylonyclila),63. 
Myzlcola,  801. 
Myxobolidae,  48. 
Myxobolus.  48. 
Myxosponglae,  85. 
Myzosporidiida,  48. 
Mysorhyncbos,  196. 
Mysoetoma.  822. 
Myzostomlda,  821. 

vmyiK  (Agelena),  431. 

Nagana,  80. 

Naiades,  678. 

Naldidae,  808. 

Nals,  808. 

nana  (HymenolepU),200. 

Hanomia,  124. 

Narcomedusae,  120. 

Nassa,  667. 

Nassidae,  667. 

Nassula,  54. 

nasutum  (Didininm),  62. 

Natica,  687. 

Matlcldae,  687. 

Mauplius,  827. 

Nausitboe,  128. 

Nautilidae,  006. 

Nautiioldea,  006. 

Nautilus,  606. 

navalis  (Teredo),  599. 

Nebalia,  864. 

nebnlifera  (Vorticella),  66. 

nebulosa  (Planocera),169. 

nebulosus 

(Lephtbypbantes) ,  423. 
Necator,  222. 
Nectonema,  228. 
Nectonematldae,  228. 
Nectopbores,  122. 
neglectus  (Drassus),  419. 
Nemasoma.  469. 
Nemastomatidae,  413. 
Nematelmia,  167. 
Nematbelmintbes,  218. 
Nematocyst,  86. 
Nematodes,  214. 
Nematopbore,  108. 
Nemertea,  208. 
Nemertians,  208. 
Nemopsis,  98. 
nemoralis  (Helix),  520. 
Neocomatella,  022. 
Neoliodes,  443. 
Neomenia,  484. 
Neomeniidae,  488. 
Neomeniina,  483. 
7feopanopeu9, 897. 
Neosporidia,  47. 
Nepbridium,  278. 
nepbropis  (Stlchocotyle), 

178. 
Nepbropsidae,  889. 
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Nephthydldae,  289. 

Nephthyidae.  186. 

Nephthyg,  289. 

Neptunea,  058. 

Nereldae.  288. 

Nereldlformia,  288. 

Nereis,  288. 

Nerita,  684. 

NeHtidae,  584. 

Nettle  organ,  86. 

Neuropodlum,  282. 

nlckllnlana  (Paludestrina), 
548. 

Nlcomache,  299. 

Nldamental  glands,  604. 

nidieola  (Lycosa),  488. 

niger  (Ariolimaz),  628. 

nigra  (Ascldla),  607. 

nigra  (Modiolaria),  572. 

nlgrescens  (Astacus),  890. 

nigrescens  (Mermis),  219. 

nigroeincta  (Triforls),  646. 

nigropalpis  (Pardosa), 
433. 

nigrum  (Bittlvm),  546. 

nigrum  (Botrylloldes),  669. 

niloticus  (Trocha8),532. 

nitida  (Plumatella),  268. 

nltlda  (Zonltoides),  626. 

nitidulum  (Cbstoderma), 
484. 

nltidus  (Llacams),  448. 

Nitzsclila,  174. 

nivea  (Scutigerella)»  466. 

noae  (Area),  671. 

Noah's  ark,  671. 

nobile  (Corallium),  186. 

Noctlluca,  42. 

nodiferus  (Triton),  651. 

nodulosa  (Bunodera),  185. 

nordmanni  (Biradne),  888. 

Northern  crab,  896. 

norvegica  (Teredo) ,  599. 

Noteus,  240. 

Nothnis,  448. 

Notochord,  652. 

Notomastus,  297. 

Notommata,  238. 

Notommatidae,  287. 

Notopodium,  282. 

Notops,  287. 

Nuclearia,  22. 

Nucleus  (in  Salpa),  660. 

Nucula,  668. 

Nuculidae,  668. 

Nuda  (Ctenophora),  164. 

Nuda  (Rhizopoda),  119. 

Nudibranchlata,  500. 

nudus  (Slpunculus),  274. 

Number   of   described   spe- 
cies, 10. 

nutans  (Pedicellina),  248. 


Nut-brown  cowry,  560. 
nutricula   (Turritopels), 

102. 
nuttalUana  (Flumlnicola) 

542. 
Nuttallina,  488. 
Nymph  (in  mites),  487. 
Nymphon,  461. 
Nymphonidae,  460. 

Obblia,  118. 

obesa  (CHubiona),  429. 

obiculare  (Tanystylum) , 

460. 
obiculata  (Helicina),  634. 
obliqua   (Succinea),  618. 
Obisiidae,  410. 
Obisinm,  410. 
oblonga  (Clavelina),  668. 
oblongum  (Polystoma), 

175. 
oblongus  (C!helanops),  410. 
oblongus  (Tibellus),  429. 
obrussa  (Lymnea),  610. 
obscura  (Margarita),  538. 
obscura  (Podarke),  288. 
obsoleta  (Nassa),  668. 
obtusa  (Dero),  809. 
occidentale  (Dentalium), 

491. 
occidentale  (Sphsrium), 

586. 
ocddentalis  (Aporrhals), 

549. 
occidentalis  (Cotylogaster), 

178. 
occidualis  (Halipegns), 

187. 
Oceania,  116. 
oceanica  (Ligyda),880. 
ocellata  (Halopsis),  116. 
Ocellate  sense  organs,  89. 
ocellatus  (Ovalipes),  898. 
ochracea  (Asterias),  682. 
ochracea  (Bctopleura), 

102. 
ochraceus  (Amphiporus), 

211. 
Octocotylinae,  176. 
octonaria  (Cunoctantha), 

121. 
Octopoda,  612. 
Octopodldae,  618. 
Octopus,  613. 
Ocular  plate,  640. 
oculata  (Chalina),  82. 
oculifera  (Potamilla),  801. 
Oculina,  147. 
Oculinidae,  147. 
Ocypoda,  399. 
Ocypodidae,  399. 
Odinia,  688. 


Odostomla,  554. 

Oecistes,  284. 

Oerstedia,  218. 

Oesophageal  bulb,  214. 

officinalis  (Buspongia),  84. 

officinalis  (Sepia),  608. 

ohionis  (Palsmon),  887. 

Oikomonas,  27. 

Oikoplast,  658. 

Oikopleura,  658. 

Olthona,  847. 

oleacea  (Eulima),  558. 

oligactis  (Hydra),  92. 

Oligochsta,  808. 

Oiiva,  560. 

olivacea  (Ophioderma), 
636. 

Olivella,  660. 

OliTldae,  560. 

olor  (Lacrymarla),  52. 

Ommastrephes,  610. 

Ommastrephldae,  610. 

Ommatoids,  407. 

Omphalina,  524. 

OnchidelU,  615. 

Onchidiidae,  515. 

Onchidoris,  502. 

Onchobothriidae,  195. 

Onchosphere,  190. 

Onicidae,  878. 

Oniscus,  878. 

Onychodromus,  62. 

Onychophora,  462. 

Onychoteuthidae,  611. 

Onychoteuthis,  611. 

Ooecium,  248. 

opacus  (Microphallus),  186. 

Opalina,  67. 

opalina  (Arabella),  291. 

Opalinidae,  67. 

Opercularella,  112. 

Opercularia,  67. 

operculatum  (Amphi- 
dinium),  41. 

Operculum : 

in  Bryosoa,  249;  in  Gas- 
tropoda, 492 ;  in  Hydro- 
medusae,  104;  in  Limu- 
lus,  401;  in  Polycheta, 
802. 

OpheUidae,  298. 

Ophlacantha,  687. 

Ophiacanthidae,  687. 

ophidioidea  (Cristatella), 
264. 

Ophioderma,  686. 

Ophlodermatidae,  635. 

Ophiolepididae,  686. 

Ophiomyxa,  687. 

Ophiomyxidae,  637. 

Ophiopholis,  686. 

Ophiothriz,  637. 
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Ophlotrtchldae,  637. 
Ophiun,  686. 
Ophlurae,  686. 
Opbinroidea,  688. 
OpiBttaobranehlata,  496. 
Oral  disc,  182. 
Oral  groove,  49. 
Oral  palp,  665. 
Oral  papillae,  684. 
Oral  plates,  684. 
Oral  surface,  614. 
Oral  tentacles  (In  holo- 

tlrarians),646. 
OrblcelU,  148. 
orblcolata  (Hellcina),  584. 
orblcnlatom  (Dtdemnnm), 

671. 
Orcbestia,  867. 
OrcbestUdae,  866. 
Oreaster,  628. 
Oreasterldae,  628. 
oregonensls  (Diaptomns), 

848. 
Organs  of  Cnyler,  646. 
Oribata,  448. 
Oribatidae,  442. 
omata  (Ampbltrite),296. 
omata  (Arlcia),  292. 
omata  (FloBcnlaria),288. 
ornata  (Nassnla),  64. 
omatnm  (Scalpellum),  859 
Oroperipatus,  468. 
Ortboceras,  606. 
Ortbonenrons  gastropods, 

494. 
Ortbnretbra,  507, 514. 
Orygmatobothrlnm,  196. 
oryza  (Cyllchnella),  497. 
Oscnlnm,  72. 

osleri  (Spbyrannra),  176. 
Ospbradinm,  480. 
Ostracoda,  852. 
Ostrea,  574. 
Oetreldae,  574. 
ostreum  (I*innotberes), 

899. 
Otoporpae,  121. 
Ovalipes,  898. 
oyalis  (LiToneca),  876. 
ovalis  (Succinea),  518. 
ovalis  (Succinea),  619. 
ovata  (BoroC),  154. 
ovata  (Cryptomonas),  86. 
OTata  (Mono6iga),29. 
ovata  (Vertigo) ,  517. 
Oricell,  248. 
Origerous  legs,  458. 
otIb  (Psoroptes),  440. 
Omlum,  550. 
Oram  (Mertensia),  152. 
ovnm  (Ovulnm),  550. 
Oxygyrus,  558, 


Ozyrbyncba,  895. 
Oxyrrbis,  80. 
Oxytricba.  62. 
Ozytrlebidae,  61. 
Oxynrls,  225. 
Oyster  crab,  899. 
Oyster  drUl,  556. 
Oysters,  574. 

Pachtlombbub,  416. 
pacbyums  (Copev8),188. 
Pacific  palolo  worm,  288. 
padflca  (Pboronls),  271. 
Pagnridae,  898. 
Pagums,  898. 
Pabemon,  887. 
Palffimonetes,  886. 
Palemonidae,  886. 
Paleonemertea,  206. 
Palinnrldae,  802. 
Palinnms,  892. 
Palisade  worm,  124. 
pallasi  (Eicblanis),815. 
pallasiana  (Lepralia),  258. 
Pallene,  460. 
Pallenldae,  460. 
Pallets,  598. 
Palllal  line,  564. 
Pallial  sinus,  564. 
palliata  (Littorina) ,  540. 
palllata  (Polygyra),  521. 
pallida  (Loligo),610. 
pallida  (Oncbidoris),502. 
pallida  (Syllis),287. 
pallidum  (Treponema),  26. 
pallidus 

(A9t49nctmih4on),  683. 
pallldus 

(Stanronereis),  291. 
Pallifera,  528. 
pallipes  (Bremobates),  408. 
Palm  crab,  898. 
paHmata  (Acropora),  146. 
palmata  (Pista),  296^ 
Palolo  worm,  288. 
Palpal  organ,  414. 
Palpi,  414. 
Palpigradi,  406. 
Palttdestrlna,  648. 
Paludlcella,  261. 
Palndicellidae,  261. 
Faludicola,  165. 
Paludina,  544. 
Paludinidae,  548. 
paludosa  (Palsemonetes), 

887. 
palustrls  (Attns),  484. 
palustris  (Helodrilus),  814. 
palustrls  (Lymn«a),  510. 
palustris  (Orcbestia),  867. 
palustrls  (Pelomyxa),  15. 
Pampbagus,  20. 


pandalicola  (ProbopyivB), 

881. 
Pandalns,  887. 
Pandoridae,  600. 
Pandorlna,  87. 
panicea  (Hali«09Bdila),  88L 
Panopens,  897. 
Pantopoda,  458. 
papalis  (Bfitra),  MO. 
Paper  nautOus,  612. 
papulosa  (Aeolia),  608. 
papilloM  (Morula),  66ft. 
papposus  (Bolaster),  680. 
Papulae,  628. 
Paractldae,  148. 
Paractinopoda^  660. 
Paractls,  148. 
ParagonlmuB,  184. 
Paragordios,  227. 
Parajaloe,  460. 
parallelus  (Ancylns),  SIS. 
paralleluB  (HeUodiaeiis), 

528. 
Parameddae,  55. 
Paramedum,  66. 
Paramecium  (ChUomonaB), 

86. 
ParamphlBtomldae,  182. 
Parampbistomom,  182. 
Paramylvm,  81. 
Paranais,  809. 
Parapod.466. 
Parapodium,  In  anadids, 

277,  282;  in  BBolhuka, 

479. 
Parapolla,  207. 
panurttlGa  (Gloastpfaonla), 

818. 
parasiticum  (Btddliim), 

142. 
ParategastcB,  848. 
Pardosa,  488. 
Parencbyma,  156. 
Parietal  Up  and  tootib  {of 

Bnail  sbells),606. 
parma  (BcbinaimchnliiB), 

644. 
PartbenogeneBls,  In  Ostia- 

coda,  858 ;  In  Phyllopoda, 

888 ;  In  Rotif era,  281. 
Partbenogonldia,  89. 
partita  (Styela),  666. 
parra  (Frederida),  807. 
parvula  (Nais),  808. 
parvus  (PlanorbiB),  613. 
Pwypha,  104. 
passerinus  (Analges),  441. 
Patella,  580. 
PatelUf orm,  580. 
patellina  (VorUcella),  66. 
patens  (Condyloetoma),  69. 
patina  (Acm«a),  530, 
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IMtlna  (Pterodlna),  289. 
paulum  (OrygmAtoboth- 

rlum),  196. 
Panropoda,  466. 
Pauropodldae,  466. 
Pauropus,  467. 
pavo  (Calocalanns),  841. 
paTO  (LoUgopsls),  612. 
Paxillae,  628. 
peach!  (Mncronella),  208. 
Peacock  squid,  612. 
pealei  (Lollso),  609. 
Pear  leaf  bUater,  488. 
Pearl  oyster,  878. 
Pearls,  564. 
Pearly  nautUns,  606. 
pecten,  676. 
Pectlnarla,  297. 
Pectinatella,  264. 
Pectinibrancblata,  684. 
Pectlnes,  405. 
Pectinldae,  676. 
pectorale  (Goniiim),87. 
Pedal  disc,  182. 
Pedalla,  128. 
Pedlcellarlae,  623. 
Pedicellina,  248. 
Pedlcellinidae,  248. 
pedlciilas  ( Polyphemus), 

888. 
pedicQlus  (Trichodina),  66. 
pedicnlus  (Trivia),  660. 
Pedipalp,  402,  414. 
Pedipalpl,  406. 
Peduncle,  in  Brachiopoda, 

266 ;  in  Crustacea,  868. 
Pegea,  662. 
Pelagia,  129. 

pelaglca  (Floscularla),  288. 
pelagica  (Halocypris),  868. 
pelagica  (Nereis),  288. 
pelasica  (Physalia),  124. 
pelagica  (Scyllea),  600. 
pelagica  (Thalassicolla), 

24. 
Pelaglidae,  129. 
Pelecypoda,  668. 
Pella,  896. 

pellionella  (Oxytricha),  62. 
pellucida  (Cuspldarla),  602. 
pellucida  (Garinella),206. 
pellucida  (Molgula) ,  666. 
pellucidum  (Amaroucium), 

670. 
pellucidum  (Menoidlum). 

33. 
pellucidum  ( Synccelidium) , 

168. 
pelluciduB  (Cambarus), 

892. 
pellucidus  (Chetogaster), 

810. 


Pelomyza,  16. 
Peltogaster,  868. 
Pen  (in  Cephalopoda),  608. 
pendula  (Corymorpha), 

101. 
Peneldae,  868. 
Peneus,  888. 
Pemmxia,  101. 
Pennarlldae,  100. 
Pennatula,  187. 
Pennatulacea,  187. 
Pennatulldae,  187. 
pennsylvanica  (TubeUa), 

82. 
pennsylvanicuB 

(Chthonius),  410. 
pennsylvanlcus 

(Parajulus),470. 
Pentaeeroe,  628. 
Pentacrinidae,  621, 
Pentaatomum,  467. 
pentodon  (Bifldarla)»  616. 
Pepper  coral,  98. 
Peranema,  88. 
Peranemidae,  88. 
Peretreme,  444. 
perfoliata 

(Anoplocephala),  198. 
Perforata,  146. 
Perf orina,  21. 
pergamentaceus 

(Chstopterus),  293. 
Perlbranchlal  space,  666. 
Pertdinidae,  40. 
Peridlnium,  40. 
Perlgonlmus,  97. 
Periopod,  868. 
Periostracum,  479, 664. 
Peripatidae,  468. 
Perlpatus,  468. 
Peripharyngeal  band,  666. 
Periphylla,  127. 
Periphyllldae,  127. 
Periproct,.688. 
Perisarc,  91. 
Peristomal  gills,  640. 
Peristome,  In  echninoderms, 

628,  638;  of  snail  shell, 

606. 
Peristomium,  277. 
Peritrichida,  64. 
Periwinkles,  640. 
Peronla,  121. 
peronf  (Atlanta) ,  662. 
peroni  (Spirula),607. 
Perophora,  668. 
Persa,  120. 

persicus  (Argas),446. 
perspectiya  (Pyramidula), 

622. 
perspectiTUS  (Sigaretus), 

688. 


pertusa  (LepraUa),  268. 
perversa  (Triforls),  646. 
perversum  (Busycon),  669. 
Petaloid  area,  689. 
Petasidae,  118. 
Petricola,  692. 
Petricolidae,  692. 
pezata  (Area),  671. 
Phacu8,82. 
Phagocata,  167. 
Phalangiida,  410. 
PhalangUdae,  411. 
phalangioidea  (PboloiiB) 

420. 
Phalangium*  412. 
phaleratus  (Cyclops),  847. 
Phanerosonla,  626. 
phantapus  (Psolns),  660. 
pharygiana  (Hlppaaterla), 

627. 
PhascoUon,  276. 
Phascoloooma,  276. 
Phidippua,  484. 
philadelphicua 

(BdeUodrUus),  806. 
Philine,  498. 
Phillnidae,  497. 
Philodina,  286. 
Philodinidae,  286. 
Phllodromns,  428. 
Philomycidae,  628. 
Phllomycus,  628. 
Philoecia,  879. 
Phlegmacera,  418. 
phcenicopterus 

(Trachelocerca) ,  62. 
Pholadacea,  697. 
Pholadidae,  697. 
pholadlformis 

(Petricola),  692. 
Pbolas,  607. 
Pbolcidae,  420. 
Pholcus,  420. 
Pholo«,  286. 
Fhonorhynchus,  168. 
Phoreiobothrium,  196. 
Phormosoma,  642. 
Phoronidea,  270. 
Phoronis,  270. 
phosphorea  (Idothea),876. 
phosphoreus  (Polycirrus), 

296. 
Photldae,  370. 
Phragmocone,  607. 
Phragmophora,  607. 
Phronima,  866. 
Phronlmidae,  866. 
Phrurolithus,  429. 
phrygiana  (Linyphia),  428. 
Phryxus,  881. 
Phyla  of  Animal  Kingdoai, 

Key  to,  10. 
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PhylactoUemata,  262. 
PhyllobothriSdae,  196. 
Phyllobothrium,  107. 
Phyllocarida,  864. 
Phyllodoce,  286. 
Phyllododdae,  286. 
PhjUomltuB,  80. 
Phyllopoda,  829. 
Phylodromus,  428. 
Physa,  611. 
Physalla,  124. 
PhyialUdae,  124. 
Physcosoma,  275. 
Physldae,  610. 
Physonectae,  124. 
PhytU,  608. 
Phytoflagelllda,  84. 
Pliytopidae,  488. 
Ph^optUB,  488. 
pMa  (Nephtbys),  289. 
piota  (Sthenelals),  286. 
plgra  (Cryptoglena),  82. 
plkel  (Hyctla),486. 
plkel  (Lycosa),488. 
pllata  (iEolldia),508. 
pileus  (Pleurobrachia). 

162. 
PUidium,  206. 
PIU  bugs,  880. 
pllosa  (Membranlpora), 

266. 
pllularis  (Bugyra),  666. 
Pllumnldae,  397. 
Pin  worm,  226. 
pingioB 

(Leptocbeirus),  870. 
Pinna,  674. 
Pinnae  (in  Ctenopboia), 

150. 
Pinnotberee,  809. 
Pinnotberidae,  899. 
Pinnulae,  137. 
pinnulatum  (Cardium), 

598. 
Pinnules,  619. 
Piona,  461. 
Pirate,  434. 
piratica  (Pirate),  484. 
piri  (Brlopbyes),  488. 
Piroplasma,  47. 
Pisanridae,  481. 
Pisaurina,  482. 
Piscicola,  317. 
Pteldium,  587. 
Piste,  295. 

pistecia  (Bulalla),  286. 
Placocepbalus,  168. 
Plagiostomidae,  164. 
Plagiotomidae,  58. 
Plagiostomum,  164. 
Plakopus,  15. 
plana  (Crepidula),  539. 


Planaria,  166. 
Planarians,  165. 
Planarlidae,  166. 
planlsslma  (Monleiia),  198. 
Planocera,  169. 
Planoceridae,  169. 
Planorbldae,  612. 
Planorbls,  512. 
planorbis  (Skenea),  548. 
Planula,  88. 

plannlate  (KeUla),685. 
Plasmodium,  46. 
Platelmia.  157. 
PUtbelmintbes,  166. 
Platydorina,  88. 
Platygyra,  149. 
Platyoniehua,  898. 
Platypoda,  636. 
platyptera  (Polyartbra), 

237. 
Pleodorina,  38. 
Pleopod,  863. 
Plerocercoid,  191. 
PlerocercuB,  191. 
Pleslofungiidae,  149. 
Pleurobracbia,  152. 
Pleurobracbildae,  162. 
Pleurobrancbs,  884. 
Pleurocera,  547. 
Pleuroceridae,  546. 
Pleuronema,  66. 
Pleuronemidac,  66. 
Pleurotomldae,  502. 
PleuroxuB,  337. 
Plexaurella,  137. 
Plexaurldae,  186. 
plicatilis 

(Spriocbete),26. 
plicatula 

(ModioUt),  672. 
Ploima,  235. 
Plumatella,  263. 
Plumatellldae,  262. 
plumicosa  (Cellepora),  259. 
plumipes  (nioboru8),417. 
Plumulariidae,  108. 
PluteuB,  614,  634,  641. 
pluvlalla 

( Stepbanospbiera) ,  37. 
Pneumatopbore,  122. 
PneumonoBces,  186. 
PneumonysBUS,  437. 
Pocket  book  clam,  580. 
podagrosus  (Pbldlppas), 

435. 
Podarke,  288. 
Podia,  616. 
Podobrancbs,  884. 
Podocopa,  353. 
Podocoryne,  100. 
Podocorynidae,  100. 
Podon,  338. 


Podophrya,  68. 
Podopbryidae,  67. 
podura  (Icbtbydiuiii),244. 
pogonlae  (Microcotyle), 

177. 
Polian  Tesicles,  617. 
polU  (Cbiton),  486. 
poll  turn  (LlobaniuD),  412. 
poUicaris  (Pagonu),  394. 
PoUieipea,  360. 
Polyartbra,  237. 
Polycera,  501. 
Polyceridae,  501. 
Polycbste,  282. 
Polycbcems,  160. 
Polycirms,  296. 
Polycladlda,  169. 
Polyclinidae,  670. 
Polycystididae,  163. 
Polydesmidae,  471. 
Polydesmus,  471. 
Polydora,  293. 
Polygordldae;  280. 
Polygordius,  281. 
Polygyra,  520. 
Polymastia,  79. 
Polymastigida,  80. 
Polymastlidae,  79. 
polymems  (Mitella).  860. 
polymorpba  (Plumatella), 

263. 
polymorpbus 

(Bcbinococcus,)   202. 
polymorpbus  (Stentor),  60. 
Polynioea,  537. 
Polyp  type  of  structure,  87. 
Polypbemldae,  337. 
Polypbemus,  338. 
polypbemus  (Ldmulua), 

401. 
Polypi,  3. 
polyplnum 

(C^arcbesium),  66. 
Polyplacopbora,  484. 
polypodia 

(Dactylospbsrinm),  16. 
Polypodium,  92. 
Polypus,  71. 
Polystoma,  175. 
Polystomidae,  176. 
Polystomlnae,  176. 
Polytoma,  36. 
Polyxenidae,  472. 
Polyxenus,  473. 
Polysoa,  246. 
polyzonias 

(Sertularella),  106. 
PolysonUdae,  468. 
Polyzonium,  468. 
pomatia  (Helix),  519. 
Pomatlopsis,  542. 
pompilius  (Nautilus),  606b 
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pomnm  (Marex),  566. 
ponderoBom 

(Campeloma),  544. 
PontelUdae,  344. 
Pontocyprls,  865. 
Pontoporelldae,  868. 
Porcellanasterldae,  627. 
Porcelllo,  879. 
porcelluB  (Dlnrella),  241. 
Porella,  258. 
Poiifera,  71. 
Porltes,  146. 
porites  (Porltes),  146. 
Poritldae,  146. 
Pork  tapeworm,  201. 
PorocephaluB,  457. 
Porpita,  128. 
portorlcensia 

(Spongodes),  186. 
Portuguese  man-of-war, 

124. 
Portunidae,  897. 
posllca  (Theatops),  476. 
Potamllla.  801. 
poterium  (Campannlaria), 

111. 
PottsieUa,  262. 
pratensls  (Brjobia),  455. 
pratensis  (Galamna),  443. 
Prawns,  386. 
pretiosam  (Dentallum), 

491. 
Prlapulida,  276. 
Priapulos,  276. 
primitiva  (Protamceba),  15. 
prlnceps  (Archltenthls), 

611. 
prlnceps  (Plumatella),  268. 
prlodonta  (Asplanchna), 

286. 
Prlstlna,  809. 
Proales,  288. 
Probopyrus,  881. 

(Porocephalus),  467. 
Procerodes,  167. 
Procerodldae,  167. 
procnrvuB  (Plenroxus), 

887. 
producta  (Eloactis),  142. 
profunda  (Polygyra),  521. 
Proglottid,  189. 
Progoneata,  466. 
prollfer  (Hybocodon),  102. 
proUfera 

(Acropon),146. 
prollfera  (Bplactls),  148. 
prollfera  (Mlcrodona),  84. 
prompta  (Epelra),  426. 
Proneomenla,  484. 
Proneomenlldae,  484. 
Pronenrotes,  211. 


Pronocephalidae,  181. 
PronocephalDB,  181. 
ProSstracon,  607. 
propinqna  (Bdelloura),  168. 
propinquns  (CambaruB), 

892. 
Propodinm,  479. 
Proporidae,  159. 
Prorodon,  51. 
ProBobranch  gills,  529. 
Prosobranchlata,  628. 
Prosoma,  279. 
Prosorhochmidae,  210. 
ProBtlilostomidae,  171. 
ProBthlostomum,  171. 
Prostomata,  181. 
Prostomlum,  277. 
Protamoeba,  16. 
protea  (Aplysia),  499. 
proteus  (Amoeba),  16. 
Protobranchiata,  567. 
Protocnemes,  138. 
Protohydn,  92. 
Protomerlte,  48. 
Protonemertlnl,  206. 
Protopodlte,  826. 
Protozoa,  11. 
Protracheata,  462. 
proxlma  (Nucula),  568. 
pruinosa  (Tubulipora), 

251. 
pniinoBUB 

(Metoponorthus),  380. 
Pseudocytheretta,  856. 
pseudofellneuB 

(Amphimerns),  185. 
Pseudolamelllbranclilata, 

578. 
Pseudopodla,  11. 
PseudoBCoIex,  189. 
Psendoscorplonlda,  408, 

409. 
PseudoBtigmatic  organ, 

442. 
pslttacea  (Bhynchonella), 

268. 
Psolus,  650. 
psora  (^ga),  875. 
Psoroptes,  440. 
PtenogloBsa,  585. 
Ptenster,  680. 
Pterasteridae,  680. 
Pterocen,  549. 
Pterodlna,  289. 
Pterodlnldae,  289. 
Pterodrilus,  806. 
Pteropoda  Gymnosomata, 

499. 
Pteropoda  Thecosomata, 

498. 
Pterosagltta,  272. 
Pterotracheldae,  652. 


PtUocheiru9,  870. 
PtycbobothHldae.  194. 
Ptycboden,  654. 
Ptychoderidae,  664. 
pugllator  (Uca),400. 
pngilis  (Strombus),  549. 
pugnax  (Uca),  400. 
pulchella  (Vallonia),  518. 
puloheUu9  (Cyclops),  846. 
pulcher  (Trlchorbyncbns), 

45. 
pnlcberrlma 

(Branchlobdella),  805. 
puloherrima 

(FredeHcella),262. 
pulcherrima 

(Holthuria),649. 
pnlex  (DapbDla),'1l86. 
Palmonata,  50p. 
Pulsating  vapraole,  12. 

PUlviBCUlUB 

(Chlamydomonas),  86. 
pumicosa  (Cellepora),  259. 
pumila  (Sertularla),  106. 
punctata  (Cribrillna),  256. 
punctata  (Herpobdella), 

821. 
punctata  (NauBlthoC).  128. 
punctata  (Plumatella),  263. 
punctatuB  (Octopus),  613. 
punctlfera 

(Alallomonas),  85. 
punctostriatus  (Actaeon), 

496. 
punctulata  (Arbada),  648. 
Punctnm,  528. 
pupa  (Bncbelys),  51. 
Pupilla.  615. 
PupUlidae,  516. 
Pupoides,  516. 
Purple  star,  682. 
Purple  sun-star,  (S80. 
Purpura,  556. 
puBilU  (Natica),  688. 
puBilla 

(Scolopendrella),  466. 
puBiUus 

(DolichogloBsus),  656. 
pusiUus 

(Trlchoniscus),  881. 
pusiola 

(Hippolyte),  887. 
puBtulata  (Stylonycbia), 

63. 
pustulosa  (Quadrula).  584. 
Pycnogonlda,  458. 
Pycnogonidae,  459. 
Pycnogonum,  459. 
pygmiea  (Neptunea),  558. 
pygmsum  (Punctum),  623. 
pygnuBus  (Dinophilus), 

280. 


730 


INDEX 


pyramidata  (Linffula),  267. 
PyramidelUdae,  658. 
Pyramidula,  522. 
Pyrenoids,  31.  - 
pyrl  (Brlophyes),  488. 
pyriformlB  (Cynthia),  666. 
pyrlformis  (Dlfflugla),  17. 
Pyrosoma,  671. 
Pyrosoma,  47. 
pyram  (Phacus),  32. 
Pyzldlum,  66. 

QUADRANOULAIUS   (Alona), 

337. 
qnadrans  (Astarte),  577. 
quadrata  (Phlline),  408. 
quadrlcomls 

(Lucemaria),  127. 
qaadricomlB  (Notens), 

240. 
quadrldeoB 

(Monostfechas),  100. 
quad  rldenta  turn 

(Spheroma),  375. 
quadrlpartita 

(Tokoplirya),69. 
quadripes  (Erfophyes),  480. 
qnadrispinosa 

(I>ia8tyli8),884. 
Quadruella,  18. 
Quadrula,  583. 
quadrumanuB 

(ChlropBalmus),  129. 
Quahog,  690. 
quaternariam 

(iEolosoma),  305. 
quatemarium 

(Spondylomorum),  36. 
quinquecirrha 

(Dactylometra),  130. 
qulnqulesperforata 

(Mellita),645. 

RABiDA   (Lycosa),  483. 
RachigloBsa,  654. 
RachiB,  137. 
Radial  canal.  616. 
RadUl  Bhiclds,  634. 
Badials,  619. 

TadianB  (Dcndrosoma),  69. 
radians  (Slderastrea),  149. 
Radlata,  3, 4,  70. 
ladiata  (LampslUs),  579. 
ladiata 

(Lemesnicas) ,  351. 
mdicola  (Ileterodera),  217. 
radicula  (Vermetus),  648. 
Radlolarla.  24. 
radioBa  (Amaeba),  16. 
radlosa  (EpiclinteB),61. 
ladioBum 

(Dactylosphsrinm),  16. 


Badius,  614. 

Badula.  480. 

lamoBa  (Pyxidiam),66. 

ramoBum  (Bndcndrinm), 

99. 
lanae 

(EchinorhynchuB),  229. 
eanarum  (Opalina),  57. 
rangl  (Holopus),  621. 
rapaz  (Caligus) ,  849. 
rapax  (Piscicola),  817. 
Baphldlophrya,  23. 
rapifomis  (Paractla),  148. 
Bathkea,  98. 
eathkei  (Porcellio),  879. 
Battulldae,  241. 
RattuluB.  241. 
raveneli  (Branchellion), 

318. 
Bay.  614. 
Bazor  clams.  595. 
recta  (LampsillB).  680. 
Bed  abalone.  532. 
Bed  coral.  135. 
Bed  spiders.  454. 
reflexa  (Lymnaea).  609. 
refuscens 

(Dictyocaulus) ,  222. 
regina  (Fredericella).  262. 
reguloBUS  (Nothrus).  443. 
rellcta  (My8iB).383. 
renale  (Dloctophyme).  222. 
rencapite 

( Pronocephalus) ,  181. 
Beniera.  83. 
Renlfer,  185. 
reniformia  (Potamilla). 

301. 
renlformlB  (Renllla),  138. 
Benllla,  138. 
Benillidae.  138. 
repanda  (Doris),  502. 
Besplratory  tree.  646. 
Reticularlida.  19. 
reticulata  (C!ancellarla). 

663. 
reticulata  (Ceriodaphnla), 

335. 
reticulata  (Limnicy there) 

357. 
reticulatus  (Oreaster).  628. 
Retusa,  496. 
retusa  (Succlnea).  619. 
Rhabdites,  157. 
Rhabditis.  217. 
Rhabdoccela.  160. 
Rhabdoc(Blida.  160. 
RhabdoBtyla.  66. 
rhadodactyla 

(Pleurobrachla).  162. 
Bhagon  type  of  sponge.  72. 
Rhegmatodea,  116. 


Bhlnopbore,  496. 
BhlpidogloBsa.  680. 
Bhizocephala.  362. 
BhlEocrinoB.  621. 
Bhlsogeton.  96. 
Bhlxoglyphus.  442. 
Bhixomastlgldae.  26. 
BhiBomolgula,  665. 
Bhisopoda.  14. 
Bhlxoetomae.  181. 
Bhiiota.  232. 
rhomboides  (Lepldodermft), 

248. 
Bhopalia.  126. 
Bhopalodlna.  646. 
Bhopllema,  181. 
Bhynchobdellida.  817. 
rhyncoboli  (DoIlocyBtte), 

45. 
BhyncoboluB,  291. 
Bhynchobothriidae,  20S. 
BhynchobothrioB,  208. 
Bhyncbodemidae.  169. 
BhynchodemuB,  168. 
Bhyncholophldae.  454. 
Rhyncholophns,  454. 
Rhjnchonella.  268. 
RhynchonelUdae.  268. 
BhjmchoBCOlex.  161. 
Bice  shell.  560. 
ricinus  (Ixodes),  448. 
Bing  canal,  616. 
ringens  (Mellc«rta).  283. 
riparia  (Argiope).  425. 
riparia  (Diplocardia),  812. 
Bissoa,  641. 
Rissoldae.  541. 
rltteri  (Rhizomolgola). 

665. 
rlvallB  (DiplogaBter),217. 
River  limpets.  518. 
rivularis  (Ancylus),  S18. 
rivuioaa  (Nals).  808. 
rohmta  (Idothea).  876. 
robusta  (Ophiura),  636. 
robnsta  (Polymastia).  79. 
robustum 

( Tetrarhynchobothrlnm) , 

203. 
rolm8tU8  (QordluB).  227. 
robustUB  (Scaloplos),  292. 
Bock  barnacles.  861. 
Bock  crab.  886. 
roessell  (Stentor),  60. 
rosacea  (Diphasia),  107. 
rosalbum  (Polysonium), 

468. 
rosea  (Elsenia),  818. 
rosea  (Buglandina).  624. 
roffeola  (BeroS),  154. 
roseola  (LeptOflynapta)» 

651. 
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roeeola  (Phllodina),  286. 

Rossla,  609. 

rostratnm  (Loxophylltim) , 

68. 
Boetellum,  189. 
Rostnim,   in   Cephalopoda, 

e07;  In  Crustacea,  882; 

In  Acarina,  486. 
Botif  er,  236. 
Botlf  era,  280. 
Bound  clam,  690. 
Round-web  spiders,  424. 
Round  worms,  213. 
mbellus  (Lnmbrlcus),  818. 
rubens  (Brachionu8),240. 
rubens  (Geophllus) ,  474. 
mbens  (Zygeupolla),208. 
ruber  (Hydryphantes),  440, 
ruber  (Lineus),207. 
ruber  (Llnotsnia),  474. 
ruber  (Plakopus) ,  16. 
ruber  (Trachelas),  480. 
ruber  (Tracliydermon) , 

488. 
rubiginosa  (Quadrula),  684. 
rubra  (Boltenia),667. 
rubra  (Lepraea),296. 
rubra  (Tbyone),  649. 
rubrum  (Coralllum),  186. 
rubrum  (Btlchostemma), 

212. 
rudis  (Llttorina),  640. 
rufescens  (DIctyopbyme), 

222. 
rufescens  (Haliotls),  682. 
rMQoaa  (Alasmidonta),  682. 
ruffosa  (61o8siphonla),819. 
rugosa  (Sertularella),  106. 
rugosa  (Stomatoca),  98. 
rugosum  (Abotbrium),  196. 
ruHCinaia  (8alpa),  662. 
ryderi  (Heteromeyenla), 

81.1 
ryderi  (Microbydra)»  119. 

Sabblla,  800. 
Sabellarla,  808. 
Sabellidae,  800. 
Babelllf  ormla,  800. 
taoeatu9  (Drassus),  419. 
Saccullna,  868. 
Sagartia,  144. 
Sagartildae,  144. 
saginata  (Tenia),  200. 
Sagitta,  272. 

salmonl  (Davalnea),  200. 
salmonls  (Discocotyle), 

176. 
Salpa,  661. 
salparum  (Tricboplirys), 

69. 
Salplngoca,  29. 


INDEX 

salpinx  (Haliclystus),  127. 

BalUcus,  486. 

saltitans  (Dasydytes),  244. 

Salt-water  mites,  468. 

Salve  bug,  876. 

sanbomi  (Clielanops),410. 

Sand  bug,  898. 

Sand  collar,  687. 

Sand  crab,  399. 

Sand  dollar,  644. 

aanguinea  (Marpbysa), 

290. 
sanguineus 

(Diaptomus),844. 
sanguineus 

( Bnplobranchus) ,  296. 
sanguinolenta 

(Henricla),  629. 
sapidus  (Callinectes),  898. 
sapotilU  (Yoldia),  669. 
Sarcocystis,  48. 
Sarcodina,  14. 
Sarcoptes,  440. 
Sarcoptidae,  439. 
Sarcosporidiida,  48. 
sarsi  (Ophinra),  686. 
Saraia,  96. 
Sarsiella,  867. 

savlgnyi  (Leptochela),  874, 
Saxicava,  696. 
Saxlcavldae,  696. 
sayi  (Panopens),  897. 
sayi  (PhyBa),611. 
Scab  mite,  440. 
scaber  (Porcelllo),  880. 
scablei  (Sarcoptes),  440. 
Scalaria,  686. 
Scalarlidac,  686. 
Scallops,  676. 
Scalpellum,  869. 
Scaphandrldae,  497. 
Scapholeberis,  886. 
Scaphopoda,  490. 
scapularis  (Ixodes),  446. 
Scaridinm,  240. 
Scavenger  mites,  448. 
scenicus  (Saltlcus),  486. 
schachti  (Heterodera),  217. 
Schistocepbalus,  198. 
Schistosoma,  187. 
Schiaonemertea,  207. 
Bchizopoda,  882. 
Schiaoporella,  267. 
Schizotricha,  109. 
schlosseri  (Botryllus),  669. 
Scleroblasts,  73. 
Scoleciformia,  298. 
Bcoleoolepia,  298. 
Scolex,  189. 
Scolopendra,  476. 
Scolopendrella,  466. 
Scolopendrellidae,  466. 
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Scolopendridae,  474. 
Scoloplos,  292. 
Scolopociyptops,  476. 
Scorplonida,'404. 
Scorpionidae,  406. 
ScutelUdae,  644. 
Scutibranchlata,  629, 
Scutigera,  477. 
mmtigera  (Salpa),  662. 
Scutigerella,  466. 
Scutigerldae,  477. 
Scutovertex,  448. 
scutulata  (Lycosa),  488. 
Scutum,  in  cirrlpeds,  860; 

in  ticks,  446. 
Scyllsa,  600. 
Scyllsidae,  600. 
Scyphistoma,  126. 
Scyphomedusae,  126. 
Scyphosoa,  126. 
Scytonotus,  472. 
Sea-anemones,  189. 
Sea  arrows,  610. 
Sea  beef,  486. 
Sea  cucumbers,  646. 
Sea-fans,  186. 
Sea  feathers,  137. 
Sea-fir,  107. 
Sea  hares,  499. 
Sea-lilies,  619. 
Sea  mouse,  284. 
Sea  peach,  666. 
Sea  pens,  188. 
Sea  polyp,  618. 
Sea  pork,  670. 
Sea  potato,  667. 
Sea-slugs,  600. 
Sea  spiders,  468. 
Sea-urchins,  688. 
Sea  whips,  186. 
Secondary  flagellum,  868. 
secunda 

(Btichotrlcha),61. 
sedentarla  (Phronima), 

866. 
Segmentina,  618. 
Semeostomeae,  129. 
Semelidae,  689. 
seminuda  (Odostomia),  664. 
senegalensis  (Luldia),  627. 
senta  (Hydatina),  287. 
Sepia,  608. 
SepUdae,  608. 
Sepiolldae,  608. 
Sepiophora,  608. 
Septa,  146. 
septentrionalis 

(Terebratulina),  269. 
Septibranchiata,  601. 
Sergiolus,  419. 
serlceum  (Trombidium), 

464. 
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■eipentina  (Piittina),  809. 

Serpulldae,  802. 

Berrata  ( Tenia),  201. 

serratus  (Polyde8muB),471. 

aerratua  (PolydeBmuB),472. 

Serripes,  608. 

Serrola,  400. 

sermlatus  (Cyclops) ,  847. 

BermlatiiB 

(Slmocephalas),  886. 
Bertnlarella,  100. 
Bertularia,  106. 
aertularia  (Dinobryon),  86. 
Sertularildaet  106. 
•etacaudatas 

(TortaDa8),846. 
Setae,  277. 

Betlfeia  (Latona),  884. 
aetiferns  (Peneus),  888. 
Betigera  (Uronychla) ,  64. 
Betlgemm  (Loxophyllam), 

68. 
setosa  (Ampliarete),  290. 
setosa  (Spio),  208. 
tetoaum  (Diadema),  048. 
sexpunctatUB  (Dolomedes), 

482. 
BexBpinosa 

(Scolopocryptops),  470. 
Sheep's  wool  sponge,  86. 
Ship  worms,  608. 
Shrimps,  880. 
Blcula  (Appendicularia), 

668. 
Slda,  888. 
SIderastrea,  149. 
siderea  (SIderastrea),  149. 
Sidldae,  888. 
Slgaretus,  688. 
Blglsmandl  (Bchlnlscas), 

468. 
sigmoldes  (Metopus),  68. 
Sigmnrethra,  614. 
aiffnatuB  (Cyclops),  847. 
sigsbel  (PhormoBOma),  642. 
Siliqua,  606. 

Biliqua  (Cyrtodarla),  607. 
slmilis  (Oithona),  847. 
Blmiloplexus 

(PneumonoBces) ,  180. 
Slmocephalus,  386. 
9imple»  (Anomia),670. 
simplex  (MastlgamcBba), 

27. 
simplex  (Nuclearia),22. 
simplex    (Btayncholophus), 

464. 
simplex  (Bhynchoscolex), 

161. 
slmplissima  (Planaria), 

166. 
sincera  (Valvata),  646. 


Single-celled  Animals,  11. 
sinaosa  (Meandrlna),  140. 
Siphon,      in     cephalopods, 

602;  in  gastropods,  492, 

620 ;  in  pelecypods,  668 ; 

In  tunlcates,  668. 
Siphonal  canal,  629. 
Siphonodentaliidae,  401. 
Siphonodentalinm,  492. 
Siphonoglyph,  182. 
Siphonophora,  121. 
Siphonosoma,  274. 
Siphonosooids,  187. 
Siphuncle,  606. 
Sipuncolida,  278. 
SipuncQloidea,  272. 
sipunculoides 

(Bdwardsiella),140. 
Sipunculus,  274. 
siro  (Tyroglyphus) ,  442. 
Six-hooked  embryo,  190. 
Skenea,  648. 
Skeneidae,  648. 
Sleeping  sickness,  80. 
Slime  sponges,  86. 
Slipper-anlmalcnles,  66. 
Slags,  626,  627,  628. 
Sluiteri  (Proneomenia), 

484. 
Small  spider  crab,  896. 
Smittina,  268. 
Snails,  402. 
Snont  mites,  468. 
socialis  (Bnchytreus),  807. 
socialis  (Lacinularia),  284. 
socialis  (Linens),  208. 
soclatns  (Zoanthus),  141. 
Soft-shell  clam,  694. 
sol  (Actinophrys),22. 
Solaster,  680. 
Solasteridae,  080. 
Solemya,  669. 
Solemyidae,  669. 
Solenldae,  696. 
Solenogastres,  488. 
Solenomya,  669. 
Solifngae,  408. 
soUtaria  (Haminea),407. 
solitaria  (Pyramidnla), 

622. 
solium  (Tenia),  201. 
solidissima  (Mactra),689. 
Solpngida,  408. 
Solpugidae,  408. 
solstitialis 

(Trochosphsra) ,  288. 
Somatogyrus,  642. 
sordida  (Proales),  288. 
Sow-bugs,  878. 
sowerbi  (Oaspedacusta), 

118. 
spadicea  (Cypr»a),660. 


Sparganophilns,  812. 
Spatangidae,  646. 
Spatangoida,  646. 
speciosa  (ManaynnUa), 

801. 
spectabilis  (Tubnlarla), 

108. 
Sperm  sac  (In  Ollgodueta). 

808. 
Spermatheca,  in  Oligochsta. 

808;  in  gastropods,  519. 
sphttricas  (ParatigasteB), 

848. 
Sphttridia,  689. 
Spluerium,  686. 
Sphsroma,  8?6. 
Spheromidae,  875. 
Spluerophrya,  67. 
sphasnila  (Theridala),  421. 
Spluemlaria,  217. 
sphertcus  ((^doms),  8S7. 
Spbyranura,  176. 
Spicules  of  sponges,  78. 
Spider  crabs,  395. 
Spider  webs,  415. 
Spiders,  418. 
Spindle  muscle,  278. 
spinea  (Acrosoma),426. 
Spinnerets,  414. 
spinosa  (ChUdU),  160. 
spinosus  (ESurypauropiiB)» 

467. 
Splntharus,  421. 
Spinulosa,  628. 
spinulosa  (Piona),  451. 
spinulosus  (Bchinaster), 

680. 
Spiny  lobsters,  392. 
Spiny  rock  shell,  655. 
Spio,  298. 
Spionidae,  292. 
Spioniformla,  292. 
Spiracle,  403. 
Spiral  staircases,  635. 
spiralis  (Cirripathes),  139. 
spiralis   (Trichinella),  221. 
Spire  (in  snaU  shells).  606. 
Splrobolus,  470. 
Spirocheta,  26. 
Spirochetlda,  26. 
Spirochetidae,  26. 
Spirorbis,  802. 
spirorbis  (Spirorbis),  802. 
Spirostomum,  58. 
Spirula,  607. 
Spirulldae,  007. 
8piMuUi,fiS9. 
spitsbergensis 

(Terebratella),  269. 
Spondylomomm,  86. 
spongeliformis 

(Cacospongia) » 85. 
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Sponges,  71. 
Bponglaria,  71. 
Bpongidae,  84. 
SponglUa,  81. 
Spongillidae,  80. 
Spongln,  72. 
Spongioblasts,  73. 
Spongodes,  185. 
Sporont,  43. 
SpoTosac,  01. 
Sporoioa,  42. 
Spotted  fever,  47. 
Spotted  fever  tick,  447. 
squamata  (Amphlpholls), 

637. 
sqnamatns  (Lepldonotos), 

285. 
Bquamosns  (Chiton),  400. 
Squids,  608. 
Squllla,  388. 
Btagnalls  (Glosslphonla), 

810. 
Btagnalls  (Lymnea),500. 
Btamineum  (Sphsrlum), 

686. 
Starfish,  623. 
Statoblast,  240. 
Stauromednsae,  126. 
Stanronerels,  201. 
Steatoda,  420. 
Bteenstmpi  (Myzlcola), 

301. 
Btelnl  (Colacitim),32. 
stelni  (SalplngoBca),20. 
Stella  (Bunodes),  143. 
stellata  (Acanthodorls), 

502. 
stellatnm  (Amaronclnm) , 

670. 
stelleri   (Cryptochlton), 

480. 
stenolepls  (MyslB),  383. 
Stenophora,  44. 
Stenostomnm,  161. 
Stentor,  60. 
Stentorldae,  60. 
Stephanoceros,  233. 
Stephanochasmas,  184. 
Stephanops,  240. 
Stephanospluera,  37. 
stercoratis  (Strongyloldes), 

218. 
Sternum,  In  scorpions,  406 ; 

in  spiders,  414. 
Sthenelals,  286. 
Stichaster,  631. 
Stlchasterldae,  631. 
Stlcbocotyle,  178. 
Stichostemma,  212. 
Stlchotrlcha,  61. 
Btledae  (Blmeria),46. 
Stlgmal  plate,  444. 


StiUfer,  404. 

Btimpsoni  (Calllanassa), 

380. 
Btimpsoni  (Stylifer),  653. 
BtolU  (Thyas),450. 
Stolonifera,  134. 
Stoloteathls,  608. 
Stomatopoda,  383. 
Stomolophus,  131. 
Stomotoca,  08. 
Stone  canal,  616. 
Stony  corals,  146. 
strangalata  (Dlpnrena),06. 
Streptoneura,  528. 
Streptoneuroos  gastropods, 

403. 
strlatlnom  (Sphsrium), 

586. 
Btriatnm  (Crncibnlnm) ,  530. 
Strigea,  188. 
strlx  (Bpelra),426. 
Stroblla,  In  Scyphomedsae, 

126 ;  in  Cestodes,  180. 
Strobllops,  517. 
strombl  (Pha8Colion),276. 
Strombldae,  648. 
Strombldlum,  60. 
StrombuB,  648. 
8ti6mi  (Nymphon),  461. 
BtrSml  (Scalpellnm),  860. 
strOml  (Terebellides),  205. 
Strongylldae,  221. 
Strongylocentrotidae,  643. 
Strongylocentrotus,  643. 
Strongyloldes,  218. 
StrongyluB,  223. 
Strophltus,  681. 
Study  of  Animals  in  Amer- 

.Ica,  5. 
sturlonls  (Dichelestium), 

360. 
sturlonls  (Nltsschia),  174. 
Styela,  666. 

stygla  (Cscidotea),  377. 
Stylactls,  100. 
Stylarla,  800. 
Stylets,  204. 
Stylifer.  553. 
StylochuB,  170. 
Stylommatophora,  614. 
Stylonychla,  63. 
Stylotella,  84. 

subcarlnata  (Lioplax),  544. 
Subchelate  appendage,  363. 
Subcutlcula,  214. 
Bubcyllndrlcus 

( Porocephalus) ,  467. 
BUbdepressuB  (Clypeaster), 

644. 
Subdivisions  of  the  Animal 

Kingdom,  0. 
Buberea  (Ihiplectella),  77. 


Suberltes,  TO. 
Suberitidae,  70. 
Subgenltal  pockets,  126. 
Bubglobosus 

( Somatogyrus) ,  642. 
Bublata  (I>lctyna),418. 
BublevlB  (LepidonotuB), 

285. 
Bublevis  (RoBsla),  600. 
Submytllacea,  676. 
Subneural  gland,  660. 
Bubsalsus  (Llmnodrllus), 

311. 
Bubsolldum  (Campeloma), 

544. 
subulare  (Pleurocera),  547. 
Subumbrella,  88. 
Sucdnea,  518. 
Sncclneldae,  518. 
Suctorla,  67. 

sulcatum  (Bntosiphon),  34. 
sulcatum  (Sphsrium),  686. 
Sulphur  sponge,  80. 
Bulphurea  (Ancula),  601. 
aulphurea  (Cliona),  80. 
Bultana  (Frederlcella),  262. 
Summer  eggs,  320. 
Sun-star,  680. 
superba  (Cynthia),  667. 
BuperclUarls 

(Bougalnvlllla),07. 
Buppressa  (Gastrodonta), 

526. 
Supra-oral  organs,  205. 
Surra,  30. 
Suture,  506. 

swalnsoni  (Mltra),  560. 
Swimmeret,  363. 
Swimming  crabs,  307. 
Sycon  type  of  sponge,  72. 
Syllldae,  286. 
SylUs,  287. 
BylvatlcuB 

(Rhynchodemus),  160. 
sylvestrlB  (Amanrobius), 

418. 
symmetrica  (Quadruella), 

18. 
Symphyla,  466. 
Synaptlcula  In  Madrepora- 

rla,  140;  In  BalanoglOB- 

slda,  664. 
Synaptidae,  650. 
SynccBlldlum,  168. 
Syncoryne,  06. 
Synemosyna,  436. 
SyngamuB,  222. 
Synura,  36. 
Byringa  (Calycella),  112. 

Tadulab^  146. 
Tsnla,  200. 
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Taenia  cGenurus,  202. 
Tania  eehinoeoocu9,  202. 
TitniarhynehUB,  200. 
Taeniidae,  200. 
Tenloglossa,  686. 
tnnioides  (Llnguatula), 

467. 
Tagelua,  696. 
Talorchestla.  867. 
talpoida  (HIppa),  898. 
tamesii  (Spargamophilos), 

812. 
Tamoya,  129. 
Tanaidae,  878. 
TanaU,  878. 
Tanystylmn,  460. 
Tape  wormB»  189. 
Tapbrocampa,  288. 
Tarantula,  407. 
Tarantvlidae,  407. 
Tardlgrada,  467. 
tardlgradus  (Rotifer),  286. 
tayloii  (Leacandia),  77. 
Tealla,  148. 
Tcctibranchiata,  496. 
Teeth  (In  the  radula),  480. 
Tegenaria,  481. 
Tegmentum,  484. 
Teleoplacophora,  489. 
Telllna,  688. 
TelUnacea,  687. 
TeUlnldae,  687. 
telUnoldes  (Cumlngla), 

689. 
Telosporidla,  42. 
Telson,  827,  868. 
Temora,  842. 
temporatui  (Diplodiscns), 

182. 
teneWotmB  (Dolomedes), 

482. 
tenella  (Antedon),622. 
tenella  (Ciona),  667. 
tenella  (Schisotricha),  100. 
tenella,  TeUina,  688. 
tenella  (Tubularla),  108. 
tenera  (Aaterlai),  682. 
tenera  (TeUina),  688. 
tenosperma  (C^arterlus),  82. 
tenta  (BCacoma),688. 
Tentaculata,  161. 
tentacuhita  (Bythinia), 

642. 
Tentaculocysti,  126. 
tenne  (BudendriQm),99. 
tenuis  (^quorea),  116. 
tenuis  (Kowaleyskia),  669. 
tenuis  (Lumbrinerels),  290. 
tenuissimum  (Trichosoma), 

221. 
tenuisolcata  (Leda),669. 
tepidariomm  (Theridion), 

422. 


Terebellidae,  294. 
Terebellides,  296. 
Terebelliformia.  293. 
Terebra,  661. 
terebrans  (Cerithlopsis), 

646. 
terebrans  (Chelura),  872. 
Terebratella,  269. 
Terebratulidae,  268. 
Terebratulina,  269. 
Terebridae,  661. 
Teredidae,  698. 
Teredo,  698. 

teres  (Spirostomum),  68. 
Terglpes,  606. 
Tergum,  860. 
termo  (Oikomooa8),27. 
ternata  (Menipea),268. 
terrestrls  (Lumbrlcos), 

818. 
Terricola,  168. 
terricola  (Rhabditls),  217. 
Test  (in  sea-urchins) ,  688. 
Testacea,  481. 
Testacella,  624. 
Testacellidae,  624. 
Testicardines,  268. 
testudinalls 

(Acmcia),680. 
testudlnaria 

(GraptolebeHs),  887. 
testudo  (Bcbiniscus) ,  468. 
Tethya,  79. 
Tethyidae,  79. 
Tetrabranchlata,  606. 
Tetractlnellida,  78. 
tetredra  (BisenleUa),  814. 
Tetragnatha,  427. 
Tetranychidae,  464. 
Tetranychus,  466. 
Tetrapbyllidea,  196. 
Tetrapnenmones,  416. 
Tetrarhynchobothriom, 

208. 
Tetrastemma,  212. 
Tetrastemmidae,  211, 212. 
texana  (Scolopendrella), 

466. 
Texas  cattle  tick,  446. 
Texas  fever,  47. 
ThaloBMrehna^  468. 
Thalassema,  816. 
Tfaalassicolla,  24. 
Thalassicoilidae,  24. 
Thaiassinidea,  888. 
Thalia,  662. 
Thaliacea,  660. 
Thaumantildae,  117. 
Theatops,  476. 
Theca,  146. 
ThecoBomata,  498. 
Ttaelepufl.  296. 


Thelphusa  fluviatills,  8M. 
Thelyphonidae,  407. 
Thenea,  78. 
Theneidae,  78. 
TheHdldae,  420. 
Theridion,  422. 
TheriduU,  421. 
ThinodrHus,  811. 
Thomisidae,  427. 
thompsoni  (Amphorlacas)* 

77. 
thompsoni  (Teredo),  699. 
Thoradca,  869. 
Thoracostraca,  882. 
Thorax,  in  arthropods,  82S ; 

in  ascidians,  668. 
Thracia,  601. 
thradnfoTBils  (YoMla), 

669. 
Threadworms,  214. 
Thularia,  107. 
thuja  (Thularia),  107. 
Thyas,  460. 
Thyone,  649. 

thyroides  (Polygyra),  SS2. 
Thysanosoma,  199. 
tiarella  (Pennaria).  lOU 
Tlaropsis,  114. 
Tibellus,  429. 
Ticks,  446. 

Tiedemann*s  reslcleB,  617. 
tigris(I>iurelU),241. 
Tima,  119. 
tintinnabulum  (Balinos), 

862. 
Tintinnldae,  60. 
Tintinnopsis,  60. 
Tintinnus,  60. 
Tmarus,  428. 
Toad  ciab,  89S. 
Tonlcella,  487. 
Tokophtya,  69. 
tonsa  (Acartia),  84S. 
Tooth  papillae,  684. 
Tomaria,  664. 
TomatlBa,  497. 
Tomatinidae,  496. 
torquata  (C:iymeBella),299. 
Tortanus,  844. 
torra  (Planaria),  166. 
Toxogloasa,  661. 
To9opneu9te9, 648. 
Trachea,  408. 
trachealis  (Byngamui), 

222. 
Tracheata,  461. 
Trachelas,  480. 
TracheUnldaie,  62. 
Tracheloceia,  62. 
Trachelomonas,  82. 
Trachomedvsae,  lit. 
TrachydemiOB,  48& 
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tranqnllla  (Tnchelas), 

480. 
transludda   ( GorKoderlna ) , 

186. 
transrena  (Area) ,  671. 
trantv€r9a  ( Argiope) ,  425. 
transyena  (Terebratella) , 

269. 
Trap-door  spiders,  416. 
tretnaphoros  (Cariooma), 

267. 
Trematodes,  171. 
Trepans,  647,  648. 
Treponema,  26. 
Triarthridae,  287. 
Triazonia,  77. 
tribuloides  (Bvcldarls), 

642. 
tricarlnata  (Valvata),  545. 
Trichina,  221. 
THchinella,  221. 
TrlchlnelUdae,  220. 
Trichinosis,  221. 
trichinra  (Tricbnris),  220. 
Triohoeephiaua  4i9par,  220. 
Trichocyst,  48. 
*Trichodina,  65. 
THchodrilus,  811. 
Trichoniscldae,  881. 
Trichoniscus,  881. 
trichophomm  (Peranenia), 

88. 
Trlcbophrya,  68. 
Trichorbyncbns,  44. 
Tricbosoma,  221. 
tricbota  (Urostyla),61. 
Trichuris,  220. 
Tricladida,  164. 
tricolor  (Adamsia),  144. 
tricuspidata  (SertalareUa>» 

106. 
Tridacna,  592. 
tridentata  (Polygyra),  621. 
trifasciata  (Argiope),  425. 
trifida  (Od06tomia),564. 
trifoUum  (Bpeira),426^ 
Trif  oris,  646. 

trigonum  (Argyrodes),  421. 
trlguttatus  (Xysticns), 

428. 
trilineata  (CUdiopbora), 

600. 
triloba  (Bdotea),  877. 
Triopa,  381. 
Tripneastes,  648. 
tripos  (Ceratium),41. 
trlpus  (Notomniata),288. 
trisplnosa  (Cayolinia),498. 
trispinosa  (Smittlna),  268. 
tristis  (Cbelanop8),410. 
Tristoma,  174. 
Tristomidae,  178, 


Tritia,  658. 

tritici  (Tylenchiia),218. 
Triton,  651. 
Tritonidae,  651. 
Tritonioidea,  500. 
tritonls  (Triton),  661. 
Trivia,  560. 

trivlttata  (Na88a),558. 
triTolvls  (Planorbi8),512. 
Trocbelminthes,  230. 
Trochidae,  682. 
Trocbopbore  larra,  279. 
Trocbosa,  483. 
Trocbospbsra,  286. 
Trocbospbaeridae,  286. 
Trocbas,  682. 
Trombldlldae,  458. 
Trombldinm,  454. 
Trophi,  281. 
Tropbonla,  800. 
Tropbosome,  00. 
Trophosooid,  150. 
tmncata  (Cyathomonas), 

86. 
trunoata  (Boglandina), 

624. 
tmncata  (Mya),  694. 
tmncata  (Notommata), 

238. 
tmncata  (Pbolas),  698. 
truncatella  (Bursaria),  59. 
tmncatus 

(Cyatbocepbalns),  194. 
tmncolus  (Marex),555. 
tryoni  (Ommastrepbes), 

610. 
Trypanorhyncba,  202. 
Trypanosoma,  80. 
Trypanosomatida,  80. 
Trypanoeomidae,  80. 
Tube  foot,  616. 
Tubella,  81. 

tuberculatus  (Chiton),  489. 
taberosa  (Acineta),  68. 
tnberosa  (Cassia) ,  551. 
Tnbifez,  810. 
tubifez  (Tnbifez),  810. 
Tubiflcidae,  810. 
Tnbularia,  108. 
Tubulariae,  98. 
Tubolariidae,  103. 
Tubnlipora,  260. 
Tubniiporidae,  250. 
Tubulns  marinas,  490. 
tnmida  (Gastranella),  589i 
Tunic  (in  Tunicata),  655. 
Tunicata,  666. 
tunica ta  (Katbarina),  489. 
Turbellaria,  167. 
Turbinellidae,  659. 
Turbinidae,  583. 
Turbinoliidae,  147. 


Turbo,  538. 

turbo  (Urocentmm),  55. 
Turbonilla,  668. 
turrita  (Bugula),  254. 
Turritella,  548. 
TurritelUdae,  547. 
Turritopsis,  102. 
Turtonia,  586. 
Tylenchus,  218. 
Typhloplana,  168. 
Typboplanidae,  162. 
typicus  (Centropages),  842. 
Tyrean  purple,  565. 
Tyroglyphidae,  441. 
Tyroglyphus,  442. 

UCA,  899. 
Ulmaridae,  180. 
Uloboridae,  417. 
Uloboras,  417. 
umbellatum 

(Codonocladium),  29. 
Umbilicus  (in  snail  shells), 

492,506. 
Umbo,  564. 
nmbraticiis  (Geophilos), 

474. 
undata  (Astarte),  677. 
undata  (Pi8aurina),482. 
undatum  (Buocinum),  558. 
undnlans  (Blepbarisma), 

58. 
undulata  (Alawnidonta), 

582. 
undulata  (Margarita),  688. 
undulata  (Quadrala),  684. 
ungaicnlata  (Unoche), 

128. 
ungnlata  (Cathypna),  241. 
Unicola,  871. 
unicornis  (Conochilus) , 

234. 
unicornis  (Schlsoporella), 

267. 
Unio,  583. 
Unionicola,  461. 
Unionldae,  578. 
Univalvia,  481. 
urceolata  (Difflugia),  17. 
urceolata  (Maldane),  298. 
Urceolus,  83. 
Uraatella,  247. 
UraatelUdae,  247. 
Urocentridae,  65. 
Urocentmm,  55. 
Urochorda,  5. 
Urochordata,  665. 
Uroglena,  35. 
Uroleptus,  62. 
Uronema,  66. 
Uronychia,  64. 
Uropod,  878. 
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Uropoda,  444. 
Urosalpinx,  656. 
Urostyla,  61. 
Urotrlcba,  51. 
uya  (Valkeiia),261. 
ovella  <Synara),  85. 
avellam  (Polytoiiia),87. 

Vacuolu,  (In  Rotifers) , 

231. 
vaga  (Dero),8a9. 
vasans  (Biomyxa)»  19. 
▼allda  (Amphitho«),871. 
Valkerla,  261. 
Valkeriidae,  261. 
Vallonla,  618. 
Vallonlldae,  618. 
Valyata,  646. 
Valvatidae,  544. 
Vampyrella,  22. 
▼anconyerensis 

(arciiiaiia),624. 
yariablle 

(Echeneibothrium),   197. 
yariablle  (Pisidlam).  587. 
yariabills  (attotsnla), 

198. 
yarlabUla  (Dermacentor), 

447. 
yariabills  (Leptoplana), 

170. 
yarians  ( Autolytns) ,  287. 
yariegata  (Strigea),  188. 
yariegata  (Turritella),  648. 
yariegatus  (Lytechlnus), 

648. 
yariegatus  (Sergiolus), 

420. 
yarias  (Paiagordlus),  227. 
yatia  (Mlsnmena),  428. 
yegltans  (Anthophysa),  28. 
yegltans  (Uropoda),446. 
Vejoyidae,  406. 
Vejoyls,  406. 
Velarium,  128. 
Velella,  128. 
Velellidae,  128. 
Vellger  larya,  481. 
Velum,  88. 

yelnm  (Solemya),  669. 
VelQtlna,  638. 
Velyet  sponge,  86. 
Veneracea,  690. 
Venericardia,  677. 
Veneridae,  690. 
yeneris  (Cestum),  168. 
yentricosa  (Harpa),  661. 
yentricosa  (Lampsilis), 

680. 
yentricosa  (Vertigo),  617. 
yentrlcosum  (Llobunum), 

412. 


Venus,  690. 
Venus*  girdle,  168. 
venuttum  (^olosoma), 

805. 
yenustus  (Dermacentor), 

447. 
yenustus  (Ju1ub),469. 
Vermes,  156. 
Vermetldae,  648. 
Vermetus,  648. 
Vermicularia,  648. 
rermlcularis  (Oxyurls), 

226. 
yermlculnm 

(Tetrastemma),  212. 
yemalis  (Branchipus),  880. 
yemalls  (Holostlcha),  62. 
verrilli  (Halacarus),  468. 
yerrlUi  (Rhopllema),  181. 
yerrucaria  (Lichenopora), 

261. 
yerrucosa  (Amoeba),  16. 
yerrucosa  (Mastlgamoeba), 

27. 
yersicolor  (Argulus),  862. 
yersicolor  (Cyanea),  130. 
yersicolor  (Ergasllus),  849. 
yersicolor  (Xystlcus),  428. 
Vertebrata,  2, 6. 
yertens  (Gonionemus),  118. 
yertlciUata 

(Campanularia),  111. 
vertlclllatum 

(Calliobothrium),  195. 
Vertigo,  616. 
yeslcaudus 

(Cepbalogonlmus),  186. 
Vesicula  semlnalls,  308. 
Veslculariidae,  260. 
yesicularis  (Heterakls), 

226. 
ifeMoulorU  (Plamatella), 

268. 
Vesiculate  sense  organs,  89. 
Vestibule.  246. 
vestlta  (Amicula),489. 
vetulus  (Simocephalus), 

886. 
yibez  (Nassa),  667. 
Vlbraculum,  249. 
yidua  (Cypridopsis),  866. 
ylllosa  (Pelomyxa),  16. 
ylneta  (Lacuna),  641. 
Vinegar  eel,  217. 
Vinegar  roan,  407. 
Virblus,  387. 
ylrens  (Cyprls),  864. 
ylrens  (Nereis),  288. 
ylrescens  (Zygonemertes), 

211. 
ylrgatum  (Conchoderma), 

861. 


yirgatus  ( Jnlus) ,  4<^. 
yirglnica  (08trea),674. 
ylrglnlca  (Goniobasis),  647. 
yirginlensis  (Fontaria), 

472. 
yiridata  (Typhloplana), 

163. 
ylridls(C^cIops),84e. 
yiridis  (Ensls),  695. 
ylrldis  (Buglena),82. 
yiridis  (Eutreptia),  82. 
9<Htfte  (Hydra), 92. 
yiridis  (laonice),  298. 
viridis  (Llneu8),207. 
ylrldis  ( Peropbora ) ,  668. 
Hridis  iPhUygyra),  149. 
ylridisslma  (Hydra),  92. 
yirilis  (Gambarus),  392. 
Visceral  mass,  478. 
yltls  (Briophyes),  489. 
Vltrea,  626. 

vitrea  (Plumatella),  263. 
yitreum  (Anisonema),  83. 
Vitrlna,  626. 
ylttata  (PhlloscU),  879. 
yittatum  (Llobunum),  412. 
yittatum  (Tetrastemma), 

212. 
yiyaz  (Plasmodium),  47. 
yiyidus  ((^stobranchus), 

818. 
Viyipara,  644. 
Viyiparidae,643,  644. 
yolcano  (FiB8urella),681. 
▼olubills  (Campanularia), 

111. 
volupia  (Dictyna),  418. 
Volyodna,  37. 
Volyox,  89. 

TOlyoz  (Conochllns),  234. 
Tortew,  162. 
Vorticella,  66. 
Vortlcellidae,  64. 
yulgare  (Armadlllldium), 

880. 
▼ulgare  (Scalpellum),  860. 
▼uigarls  (Arcella),  18. 
yulgaris  (A8teria8),632. 
Tulgaris  (Crangon),  386. 
vulgaris  (Hydra),  92. 
▼uigarls  (Palasmonetes), 

887. 
yulgaris  (Pbylodromus), 

428. 
yulgaris  (Rotifer),  285. 
yulgaris  (Sabellaria),  803. 

waHcotti  (Fredericella), 

262. 
Waldbelmla,  269. 
wardH  (Mesostoma),  163. 
warreni  (Procerodes),  167. 
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Water  bean,  467. 
Water  fleas,  888. 
Water  mites,  447. 
Waterrascnlar  system,  614. 
Wentletraps,  535. 
westermani 

(Paragonlmus),  184. 
wheatlandl  (Procerodes), 

167. 
Wheel  animalciiles,  280. 
wbeelerl  (Bdelloura),  168. 
wheeleri  (K<Biienla),406. 
Whelks,  558. 
Whip  scorpions,  407. 
white!  (Diplocentni8),406. 
whitel  (Tarantula) ,  407. 
wilsoni  (Plaglostomum), 

164. 


Winter  egg,  in  pbyllopods, 
829 ;  in  rotifers,  281. 

Wolf  spiders,  432. 

wrzesniowskil  (Lionotus), 
58. 

XlPHOSUBA,  400. 

Xylotrya,  599. 
Xysticus,  428. 

TALLOW  BACK,  680. 
Yellow  sponge,  85. 
Yoldla.  668. 

ypsilopbora  (Unionicola), 
451. 

Zanclua,  96. 
ZiUa.  426. 
Zirphiea,  598. 


Zoantharla,  188. 
Zoantheae,  141. 
Zoanthns,  141. 
sonaria  (Salpa),  662. 
sonata  (Limapontia),606. 
Zonitidae,  624. 
Zonitoides,  525. 
Zooea,  894. 
ZocBclnm,  246. 
Zoophyta,  8.  4, 70,  89. 
Zoothamnium,  66. 
Zoozantbellae,  24. 
■osterlcola  (Sarsiella),  857. 
Bostericola  (Virbins) ,  887. 
Zygeupolia,  208. 
Zygobranchiata,  580. 
Zygodactyla,  116. 
Zygonemertes,  211. 
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